
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



UC-NRLF 

i|li:lilililWuiii;iiu^ 
$B 32 713 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Explosions in Coal Mines. 



Digitized by 



Google 



Digitized by 



Google 



EXPLOSIONS 



IN 



COAL MINES. 



BT 

W. N. & J. B. ATKINSON, 

H.M. INSPECTORS OF MIKES. 



WITH NUMEROUS PLANS IN COLOURS. 






London : 
LONGMANS, aREEN & Co. 

BpUTcastla-opon-Tyne : 
ANDREW RKID, PRINTING COURT BUILDINGS. AKENSIDE HILL. 



1886. 



Digitized by 



Google 



/ 



^ y^y^ y 



Digitized by 



Google 



EXPLOSIONS IN COAL MINES. 



INTRODUCTION. 

The writers propose to consider the subject of explosions in coal 
mines from the basis of experience gained by direct investigation. 
Six explosions will be particularly described, and reference will be 
made to others. 

The six explosions may be classified thus : — 



Date of 
Ezplodon. 



1880. 
8 Sept. 

1882. 
16 Feb. 

18 April 

19 April 

25 April 

1885. 
2 March 



Name of GoUieiy. 


Coimty. 


LiTes 
lort. 


Seahain 


Durham ... 


164- 


Trimdon Grange 


Durham ... 


74 


Tudhoe 


Durham ... 


37 


West Stanley ... 


Durham ... 


13 


Whitehaven ... 


Cumberland 


4 


Usworth 


Durham ... 


42 



Time of 
Ezploeion. 



Seama of ooal affected. 



2*20 a.m. Maudlin & Hutton Seams. 
2*30 p.m. Harvey Scam. 
1'15 a.m. Brock well Scam. 

1*0 a.m. I Busty Seam. 
11*15 p.m. I Main Band. 
8*58 p.m. ' Maudlin Seam. 



All these explosions were confined in their efiects, so far as loes of life, 
and pmctically so far as force exhibited and burning were concerned, to 
one plane or set of workings. In all the cases there were workings on 
other planes or levels, connected by vertical approaches only, with the 
planes of explosion, which were not afifected; that is, the explosions only 
extended in a more or less horizontal direction ; in no case ascending or 
descending vertically so as to continue the explosion on another plane. 
This statement is made in order to explain the omission of plans showing 
the unaffected portions of the mines.. The fact of the explosions not 
ascending or descending vertically has, however, a significance which will 
be referred to later. 

In the Seaham explosion all the main haulage roads for some distance 
from and on both sides of the downcast shaft were affected. At White- 
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haven the explosion did not affi^ct the shafts. In 
explosions extended to and damagfed the downcast 
cross them so as to extend iteclf on t!ie opposite side 
observed across the shafts in these cases was caused 
the other side. This statement la made to explain 
plans of the workings, on the same le?el across the s 
explosions did not extend. This fact h^m also a a 
further refemnce will be made* 

The follow inf,^ ife a general description of the rao 
coliieries, such as those under consideration. 

The shafts, always two in mimbcr, and soraetirr 
Bunk in close proximjtj. This k done in order to In 
estsiblishment cotnpnct, and to enahle the system 
completed aa soon as possible. The completion of tli 
is effected by connecting the shafts in the scams oi 
by passages driven in the coaL A seam or bed 
shafts connecting,' it with the surface, and these sbf 
nndergroimd, the conditions ucceseary, so far as b 
are complete. 

The working of the coal may be earned ont b; 
** board and pillar" or the "long wall." The board 
working coal is to form, in the first instance, pillars oi 
size shown on the plans, and in a second working to 
in si ices » The passages completed in the first or " wl 
termed, are called *' boards" and " walls/* The coal is, 
dett\ehed by the hewer wlicn working at right anj 
and advantage is taken of this to work in the fin 
most of the coal out of passages driven at right an 
and called boards ; these passages are usually 5 yan 
are places driTcu at right angles to the boards and 
the cleavage^ and are more for the pur{K>Be3 of vent ill 
the coal than as a som-ce of mineral ; they are usual Ij 
wide. In many deep pits, and in some of bhos* 
cleavage ie so little defined^ that all the passiiges i 
are driven the same width, viz*, from 3 to 5 yards* 

The first or whole working- in succeeded liy the 
\^'orking| which removes the Pinal's and leaves n pai 
'*goaf," from which all the coal is taken, Sometimes i 
working is prosecuted behind an advancing face of wl 
allied *' following the whole with the broken ;" leavin 
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the main intake and haulage road to protect it and the necessary return 
air ways. The broken working having followed the whole to the 
extremity of the royalty, the last operation is to remove the pillars left 
on each side of the haulage road. 

The longwall method of working coal is to remove the seam in one 
working only, the roadways being carried through the goaf or space from 
which all coal has been abstracted. 

Certain modes of working coal are modifications of these two general 
systems. Thus the roadways are sometimes protected by pillars of coal ; 
longwall being prosecuted on each side of such protected roads either 
away from the shafts, or, as in the Lancashire system, where the practice 
is to form by pillar workings, roadways to the extremity of the royalty, 
and then work longwall home or back to the shafts. At the collieries 
under notice, the board and pillar system was in operation, with the 
exception of a small district of longwall at Seaham colliery, and a modifi- 
cation of longwall in one district of Trimdon Grange colliery. The mode 
of working does not appear to have had any direct bearing on the causes 
of the explosions. 

Each hewer can detach and fill into tubs from 8 to 5 tons of coal per 
day, and in order to obtain a sufficient quantity of coal, many working 
places have to be provided. In the whole or first working, each man is 
placed from 10 to 40 yards apart, and in the broken or second working, 
from 5 to 20 yards. This necessitates long lines of working face. The 
carriage of the coal from the working face is performed by ponies in the 
first instance, drawing a single tub, then by horses taking several tubs, 
and finally by engine power, or if the road inclines sufficiently to the 
shaft, by self-acting inclines. It is found convenient and economical to 
limit the distance travelled by ponies drawing single tubs to about 150 
yards, and in order to do this it is necessary to have, at suitable distances 
apart, main roads traversed by horse or engine power. 

The general direction of the main roads of a colliery are influenced 
by the inclination of the seam, shape of royalty, and presence of large 
dislocations. 

The ventilation of the mine requires that each district shall have two 
roads connecting it with the shafts, so as to allow a current of air to pass ; 
this current is induced by a furnace at the bottom of the upcast shaft, or 
by a fan on the surface. 

The foregoing general description of the internal economy of a coal 
mine is sufficient for the purposes of this paper, but will require amplifi- 
cation in some respects. 
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It will be seen that the mine can be divided into the following 
sections : — 

Shafts. 

Roadways. 

Working faces. 

Abandoned parts (goaf and pillars awaiting removal). 

Shafts are maintained for the following purposes : — 

Fresh air entering the mine, and return air leaving the mine. 

Drawing minerals by winding engines. 

Passage of men and materials. 

Pumping and drawing water, and transmission of power. 

Roadways are maintained for the following similar purposes : — 
Ventilating the mine. 

Intake air ways. 

Return air ways. 

Pace ventilation. 
Haulage of mineral. 

Roads traversed by ponies. 

Roads traversed by horses. 

Roads traversed by engine power. 

Roads forming self-acting inclines. 
Passage of men and materials. 
Water roads and roads used for the transmission of power. 

Plans No. 1 show the workings and ventilation of the parts of the 
collieries affected by the explosions. The roads traversed by the fresh or 
intake air cun*ents are coloured blue, and these were, with some few excep- 
tions, also the main haulage and travelling roads. 

The working faces are shown by thick black lines. 

The return air roads are coloured red. 

Pillars formed and awaiting removal are shown by thin black lines. 

The intakes, where used also as haulage and travelling roads, arc 
usually from 6 ft. to 9 ft. wide and from 5 ft. to 7 ft. high ; where only 
used as intakes, or intakes and travelling roads for men and horses, the 
size is usually somewhat smaller. 

These roads are, where necessary, made of sufficient height by taking 
away part of the roof stone or floor of the seam. They are made of a 
suitable gradient for haulage, and at many points leave the coal altogether, 
as when crossing dislocations, or where the coal sinks into a trough and 
rises again. They are securely timbered, and in places where the roof 



Digitized by 



Google 



stone is espe«:;ially bad, attjhed with bricks. They are kept up to within 
as short a distance of the face as possible. The coal is hauled over the 
greater parts of these roads by engine power. 

The air current is carried forward by ** stoppings " or doors placed in all 
the side openings. The stoppings, with the exception of those near the 
face, are of brick or stone and are built with mortar ; they are frequently 
stowed with loose stones behind the mason work or on the return side. The 
stoppings near the fece are constructed of wood or canvas ; the wood 
stoppings are sometimes pointed with mortar at the joints. At points 
where it is necessary for men and horses to pass from the intake, doors 
are provided, usually of wood, and in che case of important doors, which 
if left open would deflect the air current from large areas of workings, 
they are in duplicate, and near the shafts even trebled. At points where 
men only pass from the intake into the return, smaller wooden doors, 
call^ man-doors, usually kept locked, are provided. Double doors are 
provided not only to double the security when not in use, but also to 
admit the passage of men and horses past them without air, one only 
being opened at once. They are in fact air locks. 

In less important situations one wood door and a sheet of canvas are 
used, sometimes one wood door only or two canvas sheets are provided, 
and at points of least importance one canvas door only is hung. 

It will be seen that the principle adopted in the ventilation is to carry 
forward the air along single roads with as little leakage as possible, the 
vigilance being somewhat relaxed as the face is neared and less resistance 
has to be overcome by the air current before reaching the working places. 

The air current before reaching the workings is closely confined, 
because, after reaching the bottom of the downcast shaft, it always has a 
tendency to take the easiest route to the bottom of the upcast shaft, and . 
the object of stoppings and doors is to make the only route, by the face. 

It has been found advantageous to divide the current of air: by 
allowing separate currents from the main air cuiTent to traverse the 
branch roads the friction of each current is lessened and a larger quantity 
of air is obtained in the aggregate. The friction of the air against the 
sides of the roads is the principal resistance to be overcome by the ven- 
tilating power ; the force necessary to give motion to the air being small 
compared with that necessary to overcome the friction. The friction 
of air against the sides of the passages varies as the square of the velocity 
of the air ; by splitting the air current the velocity is reduced and the 
friction lessened by a greater ratio, and the same ventilating power is 
enabled to circulate a larger volume than if the air had been confined to 
one passage only. 
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The various cun^ents of air arc called "splits.*'^ When the air is split it 
is often necessary to have two currents of air crossing each other, and air 
crossings are provided for this purpose. When the i-eturn air passes 
above the intake, the crossing is sometimes called an "overcast ;" when the 
return air passes under the intake it is sometimes called an "undercast.'* 
These crossings are usually made by building a brick arch in the in- 
take, closing the upper ends of the arch, and making above it a road for 
the return air. Sometimes a wooden bridge closed at the sides is used. 
In some instances the crossing of the air currents takes place at points 
where the intake and haulage road has left the seam of coal and is 
separated from it by some thickness of rock, the return air road being in 
the seam above or below the intake. Such crossings may be called natural 
crossings. 

In splitting the air into two or more currents, the resistance to be over- 
come by each being often unequal, or more air being required in one 
current than in others, artificial resistance is resorted to in the shape of 
" regulators," so as to secure to each split the required quantity of air. 
These regulators, usually shding doors partly open, are places where the 
flow of air is checked by a contraction of the air way. They are placed 
in the returns out of ordinary workmen's reach, but can be opened so 
as to permit the passage of a man. Regulators may be a brick taken out 
of a stopping, a hole in a brattice stopping or in a door, or simply leak- 
age through doors. When the current is allowed to deflect from an 
intake through a regulator it is usually called a "scale" of air. 

The air current, having reached the face, is conducted past the various 
working places ; and into the face of them when necessary, by means of 
canvas or wood brattice. Sometimes brick brattice or air boxes or tubes 
are used. After leaving the working places it passes into the return 
air way. 

The return air ways are separated on one side from the intakes by the 
stoppings and doors already described ; on the other side they are not so 
protected, but are open to the goaf and pillars. The air, having left the 
last working place, is no longer rigorously confined to one road, but is 
allowed to pass to the upcast shaft along the return air roads and through 
such places in the pillars as may be open. One or more roads for the 
passage of the return air from each district is always kept open and 
travelled frequently. The roof of these roads is supported by stone 
pillaring and timber ; pillars of stone are preferred in return air roads ; 
the stone is usually available from the falls of roof that take place, and 
timber is not always at hand at points in the return distant from doors. 
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Timber also is more subject to rot in the retuni air ways than in the 
intake. The return air roads are, on the average, smaller than the intake 
air ways ; in the case of main returns they are, however, often larger than 
the intake. 

For convenience of access and examination, and for removal of faUen 
stones when necessary, the return air ways are, as far as possible, main- 
tained next to the intake air ways, being separated from them by one 
pillar of coal with the stoppings and doors already described. 

Bequirements connected with the system of working make it generally 
necessary to have the return air ways parallel to and near the intakes. The 
air always has a tendency to pass from the intake into the return and not 
from the return into the intake. 

It is usual in some cases to ventilate one district by a current of fresh 
air and then conduct this air to another district and ventilate it by the 
same air. This is called ventilating " by return air ;" that is, the air, 
after leaving the first district, is return air so far as it is concerned, but is 
intake air so far as the second district is concerned. It is usual in such 
cases to allow a scale of fresh air to pas& through the doors on the haulage 
road of the second district and join at the fiice the return air from the 
first district. 

In mines subject to fire-damp it is an almost invariable rule not to use 
the return air roads for the haulage of coal, and this principle was observed 
at all the QoUieries under notice. 

Fire-damp or light carburetted hydrogen existed in the coal and stone 
at all the collieries under notice, and issued constantly from the freshly 
exposed surfeces in the working places ; the ventilation, however, was such 
that gas was not frequently seen on the lamp in the working places or re- 
turn air roads. It was quite expected that, after the ventilating current 
had reached the working &ce, and from thence to the upcast shaft by the 
return air roads, gas might be seen at any time, and these parts of the 
collieries were worked exclusively with locked safety lamps. 

Gunpowder was used in working the coal in parts of the Trimdon, 
Tudhoe, and West Stanley Collieries, the shots being fired by officials 
aft;er an examination of the place and its suiToundings as regards gas. 

It was not considered probable that any gas would be seen on the main 
haulage roads traversed by large volumes of fresh air, their surfaces having 
long exhausted themselves of gas. The best test as to the feeling of 
security on these roads is to consider the position of the "caution boards." 
These are points on the intake where workmen's safety lamps are examined, 
locked, and re-lighted when necessary. They are shown by a red C on 
Plan 1. 
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The practice as to the use of safety lamps and open lights varied to 
some extent at the different collieries. 

At Seaham, Trimdon Grange, Tudhoe, and West Stanley Collieries 
open lights were used on the intake air ways up to the caution boards, 
which, in several instances, were more than a mile from the shafts. 
Repairers and stonemen, whose work lay on either side of the caution 
boards, used safety lamps, even when working on the out-bye side of the 
caution boards. 

At Whitehaven Colliery only safety lamps were used in the district of 
the explosion. 

At Usworth Colliery the use of safety lamps was enforced, except in 
the immediate neighbourhood of the downcast shaft. Workmen's lamps 
were examined and re-lighted when necessary at tlie points marked C on 
Plan 1. 

At some collieries, where the issue of fire-damp is of very limited 
quantity, it is the custom to use naked lights on the haulage roads and in 
the whole or first workings, safety lamps being used in the broken or 
second workings and in all the return air roads. 

" Blowers " or sudden issues of fire-damp were sometimes met with in 
the first or whole working, the gas on a few occasions coming off in suffi- 
cient quantity to show on the safety lamp over a district, and in the return 
air ways heading from it ; under such circumstances work was suspended 
until the gas cleared away. In the broken or second working the 
ventilation is more difficult, and gas was frequently seen near the 
edge of the goaf. After a slice of coal has been removed from a pillar of 
coal, the timber put in to support the stone is withdrawn, and heavy falls 
of roof occur, exposing new surfaces above the level of the seam ; gas 
issues from the newly exposed surfaces, and being lighter than air, remaina 
in the cavities formed, and isjdifficult to remove. 

The gas issuing both in the first and second workings is carried by 
the ventilating current into the return air ways, and the writers know of 
no case where gas issuing from the working faces Has shown any con- 
siderable distance against the air current. 

The goaf of a coal mine is sometimes looked upon as a reservoir of 
gas, and in inquiries into the cause of explosions, loose statements as to 
gas issuing from goaves are very common. The writers believe that in all 
the six cases under consideration, gas contained in the goaf did not play 
any part in the explosions ; all the indications of direction of force aud 
flame showing that the explosions had travelled towards the various goaves 
and not in a single instance from them. The goaf is not open, except at 
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the edge next the face of the second or broken working, where new f alia 
are constantly taking place, and gas issues after such falls ; so far in the 
goaf would be found to be almost close and the exposed sur&oes exhausted 
of gas. In the longwall system of working, the main roads are carried 
through the goaf, and it is found to become comparatively close away fix)m 
these supported roads in a short space of time. That gas issues from 
goayed and sometimes in large volume is admitted, the gas passing 
into the returns. I'he distance for which goaves remain more or less 
open, and the time necessary for them to consolidate, depend chiefly upon 
the nature of the roof and floor. 

The return air of the collieries under notice rarely showed any indica- 
tion of gas near the upcast shaft. In one or two instances gas was so seen. 

It is necessary to explain how far the flame of a safety lamp may be 
taken as an indicator of flre-damp. 

Mr. Galloway, in the Transactions of the Royal Society, Vol. XXIV., 
gives the result of experiments made by him to test " the accuracy of the 
means by which the presence of fire-damp is usually ascertained in mines." 

A Clanny lamp, or lamp with glass surrounding the flame, was used, 
and the wick carefully tiimmed and pulled down " until the flame pre- 
sented the appearance of a small blue hemisphere about ^ in. high by ^ in. 
diameter at the base, and having a conical speck of yellow in the middle 
near the top;" this flame was then exposed in mixtures of fire-damp and 
air, the proportion of each being known. 

He gives the following table : — 

1 Vol. Fire-damp to 14 Vols. Air ... Slightly explosive. 
1 „ „ 15 ,. ... Inflammable. 

1 ., „ 16 ,, ... Gave a volaminous, waving, spindle- 

shaped, pale blae cap, Sf in. high. 
1 „ „ 18 „ ... A similar cap, 2 in. high, which burned 

rather more steadily. 
1 „ „ 20 „ ... A cap, 1 A in- high, cap perfectly steady 

and more distinct than any of the 
others. 
, ... A conical cap, ^ in. to f in. high. 

, ... A conical cap, } in. high. 

, ... A conical cap, ^ in. to \ in. high. 

, ... An exceedingly faint cap, ft in. high, 

the top hanng the appearance of 
being broken off. 
1 ,, „ 60 „ ... It was hardly possible to distingtdsh 

anything above the small oil flame. 

It will be seen that the miner speaks of air containing no visible 
appearance of gas when there is less than 2 per cent, of it in air. The 
return air of all the collieries under notice, as a general rule, contained less 
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than 2 per cent., the actual amount of fire-damp nonnally issuing from 
the mines may, therefore, be put down as less than 2 per cent, of the air 
current entering the upcast shaft. 

The fire-damp actually contained in the return air at the upcast shaft 
is practically what enters it while passing the working faces, and while 
skirting goaves, and passing through the old pillars in the return air ways. 
It is assumed that the air is free from fire-damp on the main Haulage 
roads. This may not be absolutely true, traces of it may be present in 
the air on such roads, but in minute proportions. 

A rough calculation may be made as to the probable percentage of gaa 
in the air on such roads in this way. 

Assuming that there is 2 per cent, of fire-damp in the return air at the 
upcast shaft, we might fairly say that half of this fire-damp entered the 
air current at the working face, the remaining half, or 1 per cent., must 
be divided between the intake and return air ways ; the return air ways 
are open to and connected with the goaves and old pillars, while the 
intake is a single road with the pressure of air from it on both sides ; if, 
therefore, we say that the air while in the return picks up | of the 
remaining 1 per cent., it might, in the writers' judgment, be an approxi- 
mately fair division. The intake air on reaching the first working place 
would, by this estimation, contain ^ per cent, of fire-damp, most of this 
would enter the air near the end of the intake, and where the coal and 
stone had not had so long a time to drain of gas, thus in an intake air 
way one mile long, it would be fair to assume that | of the J per cent, 
of fire-damp would enter the air in the last half mile, leaving J of J or 
iV per cent, of gas present in the air at the end of the first half mile, or 
1 volume in 1500. 

It cannot be doubted that even in fiery mines the air before it has 
passed over any working places is nearly free from fire-damp. If 2 per 
cent, of gas entered the air current in those roads where the issue of fire- 
damp has practically ceased, the return air at the upcast shaft would con- 
tain at least 10 per cent., and be in a constantly explosive condition ; a 
state of things negatived by observations extending over many years. 

Blowers or sudden outbursts of gas were never met with on the main 
intake or haulage roads, except when these roads formed part of the work- 
ing face. In a few cases in the North of England, an issue of gas has 
been met with on a main road when first driven, and the issue has not at 
once exhausted itself, but has continued coming off for years, generally 
decreasing in volume and often varying with the barometer. 

At none of the collieries under notice was there any such permanent 
issue Of gas on the main roads. 
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The writers know of no example of a blower of gas appearing on a 
main road after it has been formed for some years. Falls of stone occa- 
sionally took place on the main roads of the collieries nnder notice, but 
in no case was a large volume of gas suddenly liberated by such falls. 
Cases are known on old roads where gas has collected in the cavity formed 
by a M of stone. The gas in these cases was not observed to have come 
off as a sudden outburst, but to have accumulated in the cavity in the 
roof where it was out of the direct current of the air. 

The only agent, other than fire-damp, ever suggested in connection 
with explosions in coal mines as capable, when mixed with air, of causing 
these calamities, is coal dust, either alone or in conjunction with fire-damp. 

It was found that the parts of the Seaham, Trimdon Grange, Tudhoe, 
West Stanley, and Usworth Collieries affected by the explosions were 
those in which coal dust was present in considerable quantities. The 
locality where the Whitehaven explosion occmTed was quite free from coal 
dust, the surroundings being all damp or wet. This was a pure fire-damp 
explosion, and the most extensive of its kind that has come under the 
writers' notice. 

There are two conditions necessary before coal dust can accumulate in 
mines, the first is that the mine must be a dry mine, and the second is 
that the coal must be of a dusty nature. 

The dryness of the air in a mine depends upon the temperature of the 
mine and its freedom from water. The temperature of the earth's crust 
increases with its depth ; at 50 feet from the surface the temperature is 50 
degs. P., and below that depth the temperature rises 1 deg. for every 60 
feet. Deep mines are therefore warmer than shallow mines. 

Virgin coal and rock, even at great depths, is often charged with 
moisture. When this is the case, and gas issues freely from the strata, a 
hissing noise is heard, called "singing," and when the moisture is so abun- 
dant as to form drops of water on the newly-exposed surfaces it is called 
"bleeding." After a time the singing and bleeding cease, and the 
coal becomes dry. Sometimes the coal and surrounding strata are dry when 
first exposed, so far as can be observed, and then no singing is heard. 

In deep and warm mines, where large volumes of air are constantly 
circulating, any limited amount of moisture such as this is soon absorbed. 

The capacity of air for holding moisture in the form of aqueous 
vapour increases as its temperature rises, unless, therefore, air circulating in 
a deep and warm mine absorbs moisture in its passage through the mine, 
its dryness increases with its rise in tcmpemture. The moisture accom- 
panying the issue of gas ceases in a short time, and main roads and old roads 
in the pillars may be looked upon as free from this source of moisture. 
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In the absence of permanent issues of water in a deep mine the work- 
ing face of the whole or first workings is the main source of moisture ; 
the pillar workings being in coal, already partly drained, do not afford 
the air much moisture. 

The shafts are rarely dry, the main feeders of water are usually tubbed 
off, but sufficient moisture appears to be present in most shafts to nearly 
saturate the air in its descent. 

The current of air, as it approaches the working faces of deep mines, 
rises in temperature and assumes at the face its nonnal degree of heat — a 
temperature approximating closely to that due to the depth ; if the main 
intake and haulage road is free from large permanent sources of water, 
the air on this road becomes drier as it nears the face. While passing 
the working face, and especially in the first working of the board and 
pillar system and longwall faces, the air picks up moisture from the coal, 
and enter the return air road more humid than on its arrival at the fece. 
In deep mines the normal temperature is above that on the surfece, 
except during part of the hottest days of summer ; during these periods 
the air is reduced below the temperature of the mine during its descent 
of the downcast shaft, rising again in temperature as it traverses the 
intake air ways. 

In shallow mines, during warm weather, cooling takes place both in the 
shafts and intake air roads ; and in such pits, roads that are comparatively 
dry in cold weather, when the nonnal temperature of the mine is in excess 
of that of the surface, exhibit the following phenomenon during warm 
days. The air being reduced in temperature while passing along the 
intake air roads, deposits moisture, which collects in large drops on the 
roof and sides. Shallow mines are much troubled with falls of stone 
on the intake air ways during warm weather, as the water deposited by 
the air getting into the crevices of the stone loosens it. 

Notwithstanding the large currents of air passing along the intakes 
of deep mines for years, and absorbing heat from the rock and coal, the 
temperature of the air on such roads does not appear to fall much as time 
proceeds. 

During cold weather the air enters the intake air roads at a lower tem- 
perature than in warm weather, and as it ultimately attains the same 
degree of heat on its approach to the working face, its drying power is 
greater during the colder months, and greater during the night than 
during the day. 

The following tables showing the hygrometrical condition of the air 
in Durham Collieries, are taken from the Report of the Commissioners on 
Coal, dated 1871 :— 



Digitized by 



Google 



13 





Hyobombtbical Obsbbyations, &o., bt Mb. L 


Wood. 






OoDlerr. 


13M& \ 


Biiu»rj0ii. 


i 


1 

1 




K 


II 


Si 


IJI 


III 
m 


E|iptoton ' 


13 Oct* 




*7. 

»4 
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51J 


34 
5 






•0-34 
30-55 










latalce ftlr, Huttob Ss^td— 
























ShiftaifUng 


61 


61 









31-10 


78^730 


1.100 


312 






l«t North wju cud.. 


»i 


w* 


li 


.. 


.. 


31-30 


38,860 1^ 
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ethS^sufchwureftJ^^ 


m 


B6 


n 


" 


.. 


31-45 


31,000 1.388 


3.396 






gtbSdiith wajqnfl. . 


es 
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14 




.. 


31-58 


U.560 j 1,460 


3,935 






Oatbjestdo puttloE ■U'tiati 


73 


704 


14 


5 


6 


31-60 


4.600 


1,396 


4,130 






Working fiwe— 
























WfttfouwAir Jud 


m 


734 





13 


10 


31-58 


.. 


.. 


4.3SS 






amwwtinj ,, ,.1 


u 


74 





17 


10 


31-80 


.. 




4.440 






HigtaboAri 


7«i 


744 





SI 


10 


31-60 




.. 


i560 






Rciiim air- 
























Wort i»*3f door* 


74 


73 


1 






31-60 


4.600 


1,430 


5,638 






6th aOUth dTOMiHf 


rzi 


714 


1 






31-66 


8,530 


1,388 


6.848 






4th Bonth CTfflBlm 


m 


71 


14 






31-57 


13.760 


1.340 


7.530 






MKitl KtUTD.. 


70 


es 


3 






3133 


67.500 


1,100 


8,760 


E^FpLeioti 


33fMt. 

vm. 


Intake ftir, Huttou fctown- 


S3i 


»4 


1 




.. 


39-80 


•• 


•• 


•• 






MftimlbUk«ftbHftflldint.. 


671 


57 


4 






.. 


53,300 


1,100 


313 






lit North w»y end . . 


eai 


m 


s 






• ■ 


38,140 


1.370 


966 






ethBoathwureod,. 


tei 


«3k 


n 








15.510 


1,388 


3,396 






8th ftoath way end. . .. 


e7i 


HI 


34 








9.000 


1,460 


3,935 






OutbjHiido Sth Uouttt pitt^ 
tere" Rtatinn 


ni 


70 


14 








8,340 


1,386 


4,130 






Workia* tM/no- 
























WaflODW^ Jud 


Tfl 


744 


4 






.. 




.. 


.. 






SrdWiatjiid 


73 


73 









.. 


.. 


.. 


4.440 






High boud .. ., .. 


74 


734 


4 






: 




.. 


4,560 






Bfttumair— 
























We«tdooffl .. 


73 


734 


4 






.. 


3,000 


1,430 


5,638 






6411 South croesfng. .. 


73 


71 


1 








7.630 


1,388 


6.848 








73 


n 


1 






.. 


13.800 


1.340 


7.530 






lit South waj end „ 


m 


63 


14 








13.060 


1,370 


8.150 






Mainrttum., .. 


fl0 


m 


14 




,, 




4i550 


1,100 


8.760 


E,'B/p\e*ena, 




8utFsco. laOiLtD, .. 


311 


31 


4 






39-60 


.. 




.. 




lJ3tiikD>lr, MAiDooft]- 
























HbId Intake 


41 


43 


3 






.. 


55.440 


850 


110 






life ITorthwmy end.. 


M 


43 


3 








30.360 


933 


573 






nhNc^rthwayoad,. 


» 


»4 


34 






.. 


15.793 


1,035 


1.780 






Bth North way ,, 


63 


604 


14 


8 


8 


.. 


7.800 


1,030 


8.800 






Stb ^uth wjii «[id. . 


flSl j BUI 


3 


4 


4 




7.830 


1.008 


3.706 






Bishop wvoD^ *^ 


"". 


5B! 


1 


3 


•• 




7.600 


860 


1.980 
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Hyobombtbical Obsbryations. — Continued. 



CoUiery. 


Dftte. 


Situation. 


1 


1 


s 


f 


hi 
III 


ffi 


Hi 


II 

il 


1 

llll 


Eppleton 
-Contd. 


20 Oct.. 
1869. 


Working f ace-- 


•F. 


•F. 




















Bishop mj end 


64 


64 





7 


3 




.. 


838 


2,560 






5th North-oMt face 


65i 


65 


4 


10 


8 






1,040 


3.364 






5th North-wMt face 


654 


65 


i 


13 


8 






1.012 


3.328 






5th South-east face 


65 


65 





17 


7 






1.030 


3.365 






5th South-west face 


.. 


^^ 


.. 


.. 


.. 




.. 


.. 


.. 






Betuniair— 
























5th North-west return .. 


641 


64 


i 


16 


8 




4,200 


1,012 


3.480 






5th North-east return . . 


66 


66 





12 


8 




5.425 


1,040 


3.720 






5th South-west return . . 


63 


621 


I 


8 


6 


.. 


2,500 


1,000 


2.840 






5th South-east return .. 


65i 


654 





21 


7 




4.000 


.. 


3.535 






4th North crossing.. 


64 


64 





.. 






U750 


968 


3.960 






Snd North cross-cut 


63J 


634 





.. 






15^900 


936 


6,264 






Bishop way return.. 


62i 


624 


• 


9 


3 




4.000 


860 


2.950 






Top of north drift.. 


63 


63 











28.000 


850 


5.790 






Top of south drift . . 


63 


63 





•• 






18,000 


850 


6.870 


Eppleton 


17 Oct., 
1869. 


Surface, 4*45 a.m. 


46 


46 


o" 






30-12 


.. 




.. 




Intake air, Main coal- 
























Main intake 


55 


53 


2 






30-80 


55.440 


850 


150 






1st North way end.. 


581 


67 


1* 


.. 




30-90 


32.750 


922 


172 






5th North way end.. 


61 


594 


14 






31-06 


13.200 


1,035 


1.780 






5th North face .. 


64 


634 


I 


4 


4 


31-06 


.. 


1,020 


2.800 






5th South face .. .. 


m 


634 





6 


6 


31-06 


.. 


1.006 


2,700 






Return air— 
























4th North crossing.. 


64i 


6« 





.. 




31-02 


10.800 


968 


3.960 






2nd North crossing 


64 


64 









31-00 


12,250 


936 


4.850 






Top of north drift.. 


63 


63 





.. 




3075 


31.050 


845 


5.790 






Top of south drift. . 


63 


63 









30-75 


23.100 


845 


5,870 


Elemore.. 


"iSS^- 


Surftee. 430 a.m 


38 


38 





.. 




29-15 










Surface, 11 a.m 


35 


35 





.. 




29-36 


.. 


.. 


.. 






Intake air, Button Seam- 
























Bankhead 


50 


48 


2 


.. 






2i480 


866 


100 






1st South way end.. 


57 


534 


34 


.. 






4.000 


894 


858 






2nd South way end 


6U 


60 


14 


4 


4 




iOOO 


890 


1.350 






East way 


GO 


58 


2 


6 


5 




6.000 


962 


1,760 






Working face- 
























East way end 


67i 


674 





12 


6 




.. 


970 


1.860 






Spout way end 


66 


66 





15 


8 






935 


2.660 






























2nd South return .. 


62 


614 


* 


12 


4 




4.000 


890 


1.560 






Spout way retiun .. 


64J 


634 


1 


18 


8 




•• 


935 


2,924 
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OoUiery. 



Date. 



SitoatioiL 



11' 

1^1 



I 



1^1 



HI 



Hi 
I 

m 



Elemore— 
Contd. 



Elemore. 



18 Oct., 



Haiion .. 



27 Oct., 



Weanno'th 



25 Oct., 
1868. 



Betnm Air— 
Spout way return .. 
2nd South return .. 
Main return.. 



Surface 

Intake air, Hutton Seam- 
Bank head .. 
2nd South way end 
East way 

Return air- 
Spout way . . 
2nd South way 
Main return . . 



Suxfaoe 

Intake air- 
Bottom of pit 
Top of drum, bank 
9th South way end.. 

Wurkins face— 
5th South face 
East face 
2nd South faoe 
Drift way face 

Betum air- 
North return 
South return 
Standagc 



66 
64 
631 

35J 

56 



64) 

63) 



Surface 

Intake air- 
Bottom of pit,HuttonSeam 
Bigbank 

Bottom of big bank 
South way . . 

Working face- 
West side gateway. . 
East side gateway. . 

Return air- 
Bottom of trouble. . 
Main return. . 
Main return at furnace 



6H 

65 
644 
68 
71! 

66) 
67 
66 

«J 

56) 

58 
63 
751 

8U 
82J 



10 



29-97 

3073 
3076 
30*86 

3075 
3072 
30160 

29-50 



5,600 
6.090 
21.630 



14.976 
11.880 
4,000 

5,640 
6,090 
21,630 



25.125 
15.000 
5.000 



941 

871 



941 
871 



5.000 
6.800 
7.140 



32-00 



38.250 
33,250 
71.500 
5^000 



90,600 
83,500 
90.600 



3.300 
4.400 
5.390 



866 

894 



ICO 

868 

1,760 

3,300 
4.444 
5,390 



1.260 
1.0 



900 

994 

1.254 

978 

978 

1.272 



80 
1.782 
3,168 

3.454 
4.246 
3^696 
1,826 

5.104 
6^280 
6.732 



1.676 
1.536 
1.646 
1,638 

1,646 
1,640 

1,640 
1,536 
1.560 



80 
1,020 
1.430 
2.860 

3.266 
3.216 

4.600 
6.240 
7.300 
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Htobombtbical Obsbevations.— Continued. 



Ck>mex7. 



Date. 



SituaUoD. 




!^ 



ils 



OtSg 

|1^ 



II 

n 



5 2^- 

iil 



Hi 



Byhope 



1 Not. 
1869. 



Murton 



3 Not., 



Wewmo'th 



29 Mar. 
1870. 



Seaham . 



SiK?"- 



Surface 

Intake air- 
Bottom of pit 

Engine landing 

Outbyetide ilat 
Working ftee— 

North aide board .. 
Return air— 

South-east return . . 

Main return at furnace 

Surface 

Intake air.. 

Bottom of pit 

1st Engine landing 

Outbyedde flat 
Working face— 

Shotton orofla-cut way 
Return air- 
Near working face. . 

Main return . . 

Main reium>t shaft 

Surface, noon . . 

Surface, 4 p.m. 

Bottom downcast, noon 

Bottom downcast, 4 p.m. 

South way end 

1st West way outbyeside 
putting station, 1 p.m 

1st West way outbyeside 
putting station, 3 p.m. 

North ilat of west way 

East side gateway, last of air 

East side gateway, out of air 
cunent 



Bottom of 13 fathom trouble 
On the surface 



Bottom downcast 
Button Seam 



shaft. 



East way end 

East way engine station, out- 
byeside of putting station 

East ilat, south side, last of 
air after passing working 
face 



North headwayp, return 
East way return air . . 



544 

671 

m 
n 

73 
99 
50 

531 
59 

m 

73 
684 
68 
40 
40 
47 
47 
60 

68 

00 
78 
78 

61 
75 
61 

53 
531 



35 



10 



59,210 
27,440 
6,000 



12.460 
32.000 



76.160 
24.250 
1.600 



1.600 
15,600 
25.500 



50.000 
50,0C0 

1^000 

5,0CO 
10,000 



1,524 
1.644 
1,548 

1.560 

1,566 
1.524 



1.339 
1.365 
1.374 

1.374 

1.374 
1.387 
1,399 



946 
2.G0O 



2,762 



4.110 
5,453 



410 
2,332 
4.400 

4,532 

4,960 
7,842 
8,777 



1.676 
1.676 



1,638 

1.638 
1,646 
1.640 

1.640 
1.640 



2,134 

2, 50 

2,850 
3.112 
i030 

4.030 
5,218 



1,686 
1,801 

1.995 

1,995 
1.861 
1.800 



1.850 

2.900 
3.400 
4.0 
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The following observations were made by the writers : — 


GoUieiy. 


Data. 


Dpth. 


Situation. 


4 


II 


if 

34 

1 


Remarks. 


Usworth .. 


Not. 4. 1885 


Feet 
960 


Surface 

Bottom downcast .. 


•F. 

50 


°F. 
42 

49 


11 a.m. and 3 p.m. 








Intake 793 yds. from ahaft 


58J 


564 


3 










., 1.893 


63 


594 


34 










., 2,170 .. „ „ 


691 


634 


6 


Top of stone drift. 








.. 2.240 


m 


634 


6 


Place where shot was fired. 








Return neat upcast .. 


674 


634 


4 




Usworth .. 


Jan. 19, 1886 


960 


Bottom downcast 


36 


36 





13-30 p.m. 


WMhingtoD 


Not. 18. 1885 




Surface 


37 


364 


04 


White frost. 






600 


Bottom downcast 

Intake 1.000 Tds. from shaft 


53 
58 


50 
54 


3 

4 


ObsenraUons taken between 
11 a.m. and 8 p.oL 








„ further from shaft . . 


65 


64 


1 










Face 


66J 


66 


04 










Return 


63 


604 


24 




So.TuifleId 


Not. 25, 1885 


784 


Surface 

Face near shafts 


39 3Si 

51i 49J 


04 

2 


ObsenraUons taken between 

11 a.m. and noon. 
3/4 Seam opening out. 


So. Tanfleld 


Not. 35. 1885 


474 


Bottom downcast 

Intake 400 yds. trom shaft . 

Face 


46i' 444 
52 50| 
564 554 


3 
14 



ObserTaUons taken between 

noon and 1 p.m. 
Main Coal Seam. 


Urpeth .. 


Deo. 2. 1885 


690 


Surface 

Intake 120 yds. from shaft. . 


451 424 

574 57 


3 
04 


11 a.m. and 1 p.m. 








,. fuither 


58 

63 


57 
634 


1 
04 










Face 


60 


59 


1 










Return 


614 


604 


1 




Saint Hilda 


Dee. 3. 1885 


960 


Surface 


42 

654 


39 
65 


3 

04 


ObsenratSons taken between 

11 a.m. and 3 p.m. 
Intake air. 








InUke 

n 


63 
64 
694 
69 


584 
60 
66 
654 


44 
4 
44 
34 










Face 

»• •• •• •• •• 


70 
704 


67 
674 


3 
3 










Return 


71 


684 


24 




Wewmouih 


Jan. 6. 1886 


1,723 


Surface 

Bottom downcast 


36 
444 


33 
424 


3 
2 


ObsenraUons taken between 
11 a.m. and 3 p.m. 








Intake 1,300 yds. from shaft 


55 


514 


34 










.. 3,500 „ .. „ 


604 554 


5 










.. 3,300 .. .. .. 


65 59 


6 










Return 


75 1704 


44 




BUydoD 
Bum 


Jan. 15. 1886 


IX 


Surface 


434i 40 
424; 414 


34 

1 


11 a.m. and 1 p.m. 








Intake 500 yds. from shaft. . 


51 


504 


04 










M 900 .. 


54 


54 













Face 1.400 


54'54 
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OtiUleri. 


mi9. 


Dpfclu 


SttiuMMi. 


^ 


h*^ 


a 


H«mB] 










'¥. 


■'! 




Fcmnc ,, 


H».t,llflQ 


m 


eDTfHt p. ., .. .. 

m^i^mf^ from ^kttt,. 


311 
11 






Obterratintu t& 
UiLra.aDdl 








Ecttmi 


73 


Tl 


I 




Ef bofKv ^ ^ 


NoT,33JS55 




Bujfftw 


44 


131 


Oi 










luiftkit 50 f (Li. fram ibaft . . 
Faaciesa ,, 


fill 


49 




Maadlt£]Bii4m.< 
andlv^jiL 






" 1 


M .. 


m 


?9l 


01 








M 


,. iiso r „ 


m 


78i 


« 




fifhape . . 


Nvr.Klfiie 


1.624 


lutQlra fiOjfdift^ iliift,. 


m 


«* 


* 


Mat»dlin3«ini. 






l.*M 


Fw<i 3,810 


§9 


ai 


01 








.* 


M .. ** 


73 


7U 


0* 




Rytaoiw ,. 


K0T,35,1«8S 


l,ef* iJiUkfi 1.883 ytl*, from shaft 


m 


8S1 


14 


Hutton Seam. 






3.7W 


Face 2,370 ,, „ „ 


Tl 


TSi 


41 








l,7M 


Intake 2,000 , 


n 


63 


T 








«« 


Face 2,330 ., „ „ 


SI 


79 


a 




Rihapt ., 


Mjkr.M.188a 


.. 


SorfBCO , 


ie 


44 


3 








l.fl» Bottam dowiMiuit ,. 


sai 


SO 


^*, 


HutlcmSwBk 






lutake aOO /da. from lihikft 


65 


6Ti 


71 










M 1.000 ., ,, ,, 


re 


03 


U 












m 


>| 


11 










Tk» %m , 


»l 


75* 


5 










Eelum Smr^tramtiu^i 


ao 


681 


lU 










u im 


7»i 


671 


nt 










.. atw 


?6 


66 


10 




BUkaworth, 


Kfff-JOJS® 


1,€» 


Intake ea yd*. t^oiEi ikaft 


u\ 


61 


31 


Mnudlin Be&m. 






1,689 


F«o 1530 


74 


74 











xm 


. 3.*W 


"l 


n 











1,310 


P. 3JB2 


7U 


«si 


11 






ZfoT.ii,!^ 


1J4Q lDtiJ(a IdSrOn^rromiluit 


06 


m 


3 


Hutl«B Seam. 






U67 


Faoe 2.650 .. ,. „ 


72 


m 


71 








N 




75 


10 


S 






K(»r,30,18» 


i.m 


FWoelJWydJL., .. 


^ 


^l 


31 


Hattonftimm. 



Coa! dust in mines maj be roughly divided into two classes r- 

Ist. — Tlie dust on the floor, which will be epoken of as bott 
2nd* — The dust on the sides, top, and timber, which will h 
of as upper dust- 
On dry haulage roads, wliere dry and dosty coa! is led, and m 
ticulaiiy where it m led by engine power, coal dust is shaken out i 
OS a cloud along the tops of the tubs, which are almoefc invariablj 
against currents of air on the intakes. The air passes through t 
have holes in them. The dust Is carried away with the air from 
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and the heavier particles fall to the bottom or lodge nearest the bottom. 
The lighter particles form a deposit on the upper parts of the roads as well 
as on the floor. 

Coal dust sometimes exhibits the property of sticking to timber, stone, 
and coal, something like soot hanging in a chimney ; that is, a deposit once 
formed, it grows, particles already deposited appearing to entangle other 
particles. Coal dust does not adhere to coal surfaces, which are often 
bright and smooth, so readily as to timber or stone ; and to rough stone 
it adheres, more than to a natural parting in the stone. This hanging 
dust is sometimes spoken of by miners as soot. 

The deposits of the upper dust appear to exist in greatest quantity for 
about 3 feet in height above the tops of the tubs. The tubs stand about 
8 feet high, so that in a haulage road 6 feet high the upper 8 feet contains 
the most upper dust. In cases where the road is, say, 10 feet high, it is 
observed that from the floor to the tops of the tubs there is not much 
dust; for 8 feet above the tops of the tubs there is much dust, and the 
remaining distance is often comparatively free from dust. 

Upper dust is by no means confined to deposits resting on horizontal 
surfaces, such as the upper sides of timbers, ledges, etc.; it has Jbeen ob- 
served two inches deep on vertical surfaces, and on the under side of timber 
and stone next the roof. It lies heaped up on all flat surfaces. All this 
dust is swept off during an explosion, and the appearance of a pit as regards 
dust, after an explosion, is no guide to its position before. 

The upper parts of stone drifts, in which there is no timber, and arched 
lengths of haulage roads are sometimes lined one or two inches thick with 
coal dust. 

In a stone drift to be mentioned, at Usworth, the conditions appear 
to have been very favourable for the deposition of upper dust. The drift 
was of about 40 square feet area, and 26,700 cubic feet of air passed down 
it per minute. Allowing 6 square feet as the area of the ends of the tubs, 
which were drawn up it laden with dry and dusty coal, at a speed of 
about 6 miles per hour, it results that the air moving in-bye would pass 
over the tubs at a velocity of 834 feet per minute, and as the tubs 
moved out-bye at a speed of 526 feet per minute, it would be equal to a 
velocity of 1,860 feet per minute. These conditions would ensure dust 
being blown out of and from the tops of the tubs, which, being carried 
back, would form a deposit of upper dust on the sides and top. 

It might be thought that such a velocity of air would sweep away dust, 
but this is not so ; the writers have frequently oteerved dust deposits on 
the upper parts of roads where the air passing in-bye and the tubs passing 
out-bye had greater velocities than those mentioned. 
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The high velocity of the air, within the limits likely to exist in the 
ordinary circumstances of a colliery, is more likely to cause deposits of 
upper dust than a low velocity ; the eddies caused by the passage of a train 
of tubs against a large current of air ensures a considerable quantity of 
coal dust being carried against the upper parts of the road, where some of 
it sticks. 

The writers have, years ago, frequently ridden out on an engine set of 
laden tubs at a coUieiy in the County of Durham, and in doing so it was 
necessary to cover the head with a handkerchief as a protection from the 
cloud of dust flying back. 

In addition to dust from the top of the tubs a quantity of dust and 
small coal is shaken out of the bottom and sides of imperfect tubs. 

The dust collecting on the floor of the haulage roads in dusty pits has 
frequently to be removed, otherwise the road would become blocked ; this 
removal of dust has no reference to upper dust, which is not interfered with. 

Mr. Galloway has stated* that 1 lb. of dust to 160 cubic feet of air is 
necessary in order to form an inflammable mixture. Assuming 40 square 
feet area, then 1 lb. of dust is required for each length of 4 feet, or J lb. 
for each^foot. On dry and dusty haulage roads a quantity of dust in ex- 
cess of this often exists as upper dust only, not considering bottom dust, 
and this over long lengths of road. 

On the horse roads the quantity of upper dust is usually much less than 
on the engine planes. The tubs move at a lower speed against smaller 
currents of air, and the quantity of coal led over individual horse roads is 
less in quantity than that passing to the shafts on the engine planes, the 
horse roads being feeders to the engine plane. A considerable quantity 
of bottom dust exists on the floors of the horse roads, often greater in 
quantity than on engine planes. This bottom dust is, however, often 
much mixed with stone dust ground up by the horses feet from the 
bottom stone of the seam ; horse dung and other impurities are mixed 
with it, and although it may contain a large quantity of coal dust, the 
latter cannot be collected separately. 

The working places and the roads over which putters pass with single 
tubs are comparatively free from upper dust, and the quantity of coal dust 
is less generally, than on the horse roads and engine planes. 

The dust in the air is considerable at the face of the working places, 
and, unless the coal is moist, there is frequently much dust on the floor. 

The return air roads are, in most collieries in the North of England, 
free from coal dust. The work done on these roads is more in connection 
• "Transactions of Royal Society," Vol. XXIV. 
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with stone than coal, such as forming pillars of stone and removing fallen 
stone ; so that the coal dust left in them as working places soon becomes 
so mixed with stone dust as to lose its specific character. The timber 
supporting the roof in abandoned workings is usually withdrawn, and the 
roof stone ialls and covers the dust left in them as working places, and, 
no fresh supply being available, these passages ai-e often comparatively 
free from coal dust. 

In some beds of coal, however, where top coal is left, which afterwards 
falls, or where the coal is of a specially tender character and the sides of 
the passages constantly fall over, the whole of the return air roads and old 
workings contain coal dust. 

Coal dust in mines is often referred to as constantly present in the air. 
This is not so, except to a limited extent. The velocity of the air is rarely 
sufficient to carry dust any considerable distance. Near the shafts, where 
the velocity of the air is at its maximum, and where dust from the screens 
on the surface descends the pit, it is probable that the finest particles are 
carried some short distance along the air ways. 

When dust is largely present in the air it is due to some disturbing 
cause other than the ordinary movement of the air. The rapid passage 
of tubs against the air current raises a cloud of dust from them ; the 
passage of men and horses stirs up the bottom dust ; the hewer at the 
working face raises about him a thin cloud of dust ; the concussion of a 
shot, or wave of air caused by a heavy fall of stone, fills the air with dust ; 
but in the absence of some such cause the dust is quiescent, and after its 
disturbance by any cause it soon settles down again. 

Coal dust is not carried from the working face into the return air ways. 

The coal dust collecting on the higher parts of the haulage roads 
appears to undergo some change and becomes more readily combustible 
than fresh coal dust. 

Thus the writers have found that upper dust collected from dry 
collieries in the North of England has the property of burning en massBj 
that is if flame is applied to it so as to heat a small portion to redness, 
combustion gradually spreads itself through the mass, no flame being 
visible ; ordinary coal dust has not this property. 

Upper dust would appear to have undergone some chemical or physical 
change. 

It is possible that absorption of oxygen from the air may have taken 
place. 

Upper dust has a dull brownish cast and is not so distinctly and 
brightly black as fresh coal dust or screen dust. It forms a very friable 
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coke, the particles under the action of heat do not fuse and adhere readily. 
This fact may have some bearing on the absence of deposits of coked dust 
on the haulage roads after explosions ; the writers have noticed that 
deposits of dust on such roads after explosions have some coherence, and 
this may be due to the dust being really a friable coke. 

The greatest amount and extent of violence was always observed on 
those roads likely, before the explosion, to contain most upper dust. 

The inflammable nature of dust on roadways of collieries is well known 
and has been the cause of several fires. The dust has been ignited by a 
shot or by the "snot" from a lamp being thrown amongst it. In some 
collieries nothing but safety lamps are allowed to be used on the haulage 
roads, in order to prevent the ignition of the dust. 

There is much difference in coal seams as to their capacity for pro- 
ducing dust. Until the coal is dry no judgment can be formed as to this. 
A tender coal produces more dust than a hard coal. Coal worked from 
the pillar workings is, as a rule, drier than coal from the whole workings, 
and is more tender owing to the crushing of the pillars. 

Some coal seams are filled in with deposits of white spar — all the cleats 
contain vertical sheets of spar ; when this is present the coal seldom pro- 
duces much dust. Thus the steam coal of Northumberland is charac- 
terised by this spar and is not dusty. 

All coal seams are divided into sections by horizontal partings and a 
dull black substance, which soils the fingers, accompanies these partings : 
this is called "dant," and sometimes "mother of coal;" a large quantity of 
the dust blown from the tubs will be "dant." It is possible that an ex- 
amination of this substance might reveal some fects bearing on the 
subject of explosions. 

Deep mines being warmer than shallow mines, coal dust accumulates 
in them. Fire-damp is also more conmion in deep than in shallow 
mines, owing to the superincumbent strata preventing its escape to the 
sm*face. 

Coal dust and fire-damp thus accompany each other, but for different 
reasons. 

It is possible, however, that strata charged with fire-damp at high 
pressure will not contain moisture that might, in the absence of fire- 
damp, have been present in quantity sufficient to cause dampness. 

Fire-damp does not increase in quantity with the depth, but may be 
said to be an approximately constant quantity after a certain depth is 
reached, and this depth coincides roughly with the depth at which the 
temperature of the strata is such as to cause dryness. 
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Examples, however, are not wanting of deep and fiery mines where 
water is present in such quantity as to prevent any accumulation 
of dust, and also of mines of depth sufficient to cause dryness, but 
yet so free from fire-damp as to be worked with naked lights. 

In order to arrive at a conclusion as to the origin of the explosions 
and their extent, the writers noted the following : — 

Parts traversed by force, and the direction in which the force had 



Parts traversed by flame. 

Position and occupation of the workmen on the plane and district of 
explosion, and the position of all lights and fires. 

Plans 2 show the parts of the collieries over which the explosion had 
passed with violence and flame. Arrows show the places where evidences 
of force were observed and the direction of the force. The letter F in 
red shows where signs of fire or burning were observed. 

The positions in which the bodies of the workmen were found are 
shown by dots on Plans 1. 

The solid stone and coal bounding the roads is rarely affected by the 
force of the explosion. A judgment as to the force exerted and its 
direction may be formed by an examination of timbering, tubs, doors, 
stoppings, and air crossings; rails, machinery, and boilers, supports 
and sheaves for ropes and wires ; workmen's lamps and tools, shaft 
timbering and cages, men and horses, dust, hay, and other light 
material. 

In consequence of the timber put in to support the roof being blown 
ont, falls of stone are very general in pits after explosions ; these falls 
are caused by the stone resting on the timber being deprived of support. 
Where no timber had been required the roads were not affected by falls 
of stone after the explosion. In some instances the falls were so extensive 
that they could not be passed over, and where the fallen stone was soft 
and in small pieces, the main intake was completely closed, even 
to the passage of air. The timber under these falls as well as other 
things being covered up, indications as to the direction of force 
were lost. 

With regard to falls of stone an important point is noticed ; where 
timber is blown out and some stone falls at once and during the explosion 
and other stone falls some time after and may continue falling for days, 
the stone falling at the time of explosion can be known by the feet of its 
being blackened with dust then filling the air. The place fi'om which the 
stone fell can also be known by this blackening. Stone falling after the 
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dust has subsided is in the newly exposed surfaces clean, as also is the 
place from which it fell. Thus, in a pit after an explosion, we find stone 
with three characteristics as regards dust : — 

1. — Stone exposed before the explosion and usually blackened with 

the remains of an old coating of dust. 
2. — Stone exposed during the explosion and coated thinly with a 

fresh coating of dust. 
3. — Stone exposed after the explosion and clean as regards dust. 
Important reasoning can often be based upon observations of this 
nature. 

Timbering sometimes aflTords good indications as to force and direction, 
but this is most so when part of it only is blown out. One of the 
commonest forms of timbering is two props and a balk across them. When 
one prop is blown out and the balk forced from its original position on 
its supported end, a good indication is afforded as to direction of 
force. 

A form of timbering on haulage roads, called the hole and driving end, 
is often a good indication. A force P would blow the balk down, a force 
P^ would not move it. 






F ^ ^ I -^ ^ P^ Plan. 



Tubs give very good indications both as to direction and amount of 
force. Full tubs are more broken near the top and above the level of the 
coal in them. Empty tubs are often completely smashed, but afford 
undoubted indications as to direction offeree. 

Stoppings when stowed are not generally moved, except near the top. 
Unstowed stoppings of brick or stone, unless very thick, are easily moved, 
and afford good indications as to direction of force, but not so good as to 
the amount. A 9-inch brick stopping is sometimes blown down by 
heavy gusts of air caused by an extensive fall of stone in the ordinary 
working of a pit ; they are not erected to withstand lateral pressure. 

Doors, like stoppings, afford indications as to direction of force, but 
not as to amount of force. Doors are blown out by a force that will 
not move timber, break up tubs, or injure men. 

Machinery affords grounds for a judgment as to the violence of 
force, but perhaps not so good as to its direction. The parts are broken 
but often not moved far. 
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Supports for hauling ropes and rapper wires afford indications of the 
passage of force and its direction, bat as force may be transmitted by the 
ropes or rapper wires from distant points, indications connected with 
these supports must be cautiously examined, and all sources of trans- 
mitted force eliminated as far as possible before coming to any conclusion. 

Workmen's tools and lamps afford some indication as to the passage 
of force or the reverse. 

Damage to shaft timbering usually occurs at the limit of an explosion, 
'but the varying extent of this damage appears to show that the explosion 
in some cases continues up the shaft. 

The deposit of dust on timber and other things affords an indication 
as to direction, which, the writers think, is usually misinterpreted. With 
ordinary coal dust, coked dust, generally spoken of as charring, may be 
included. 

This matter was more fully investigated at Usworth than at any of 
the other explosions. At Whitehaven there was no dust. 

As stated in the description of force and flame at Usworth, obser- 
vations were made in more than twenty instances. The direction of the 
blast was, in most of these cases, not a matter of any doubt whatever. It 
appears from these observations that dust, either as dust or as coke, is 
generally deposited on the sides of the props, etc., opposite to the direction 
of the blast. The deposition will probably take place during a revei-se 
current instantly succeeding the explosion, and other reasons for sup- 
posing the existence of this reversed current are given. 

Plans 2 show the parts of the collieries over which flame has passed. 
The evidences as to the passage of flame are: — 

Burning of men and horses. 

Coking of dust. 

Burning of timber, hay, brattice cloth, etc. 

Fires discovered after the explosion. 

Evidence of survivors. 

The burning of men and horses is more apparent by the frizzled state 
of the hair than by anything else, so far as an ordinary observer is con- 
cerned. The bodies of men, in the field of an explosion in dusty pits, 
are always blackened, and the extent of the burning they have been 
subjected to is a matter on which a medical man only can speak with 
any degree of confidence. 

The coking of the dust is an indication often wanting over long lines, 
where great force and flame have passed. It is more noticed at the 

D 
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working faces than on the haulage roads. It was not observed at the 
shaft limit of an explosion. A cheniical and microscopical examination 
of dust on haulage roads, in the absence of coking, affords reasons for 
asserting the passage of flame. 

Timber, hay, brattice cloth, and other substances readily inflamed, 
are found burnt after an explosion, or burning when near the limit of an 
explosion, or where fresh air is directly aftei*ward available to support 
combustion. Where the explosion has passed over long lengths of road, 
the whole of the oxygen in the air will be consumed, and further com- 
bustion rendered impossible, unless fresh air returns at once to the 
inflamed bodies. 

The position and occupation of the workmen on the plane, and in the 
district of the explosion, and the position of all lights and fires, is im- 
portant, as the origin of the explosions must be referred to a light carried 
or used by a workman^ a fire existing before the explosion, or the 
flame of a shot. 

The cause of death should also bo noted. Information on this head 
is usually supplied by medical men, but is sometimes unsatisfactory, as 
they are not aware of the conditions under which the bodies were found, 
nor of the sequence of events which preceded and followed the deaths. 

An extensive explosion is accompanied by four conditions, any one of 
which could ultimately cause death : — 

Flame. 

Force of the explosion. 

Falls of stone and timber, caused by the force of the explosion. 

After-damp. 

At the origin^ and at the working faces, where the explosion extends 
to them, the victims are burnt, but their bodies are usually not mutilated, 
unless from special causes. 

The distance they move is never, under these conditions, more than 
a few yards ; and it would appear that after-damp is the immediate cause 
of death. Examples are noticed of persons who have been near the 
origin, or at the face hmit, of an explosion, and who have escaped 
burning almost entirely, but yet have evidently succumbed within a few 
yards of the place where they had been before the explosion — after-damp 
having caused death in a very short time. 

Persons near the shaft limit of an explosion, who have been sub- 
jected to both violence and burning, and who have not moved after the 
explosion, are sometimes found alive. They had escaped death by after- 
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damp owing to fresh air returning at once to them. This would appear 
to show that burning or violence alone, or in conjunction, is not neces- 
sarily suflBcient to cause immediate death ; and therefore, where a victim 
is much burnt, but who has evidently succumbed within a few yards of 
his working place, after-damp has probably been the immediate cause of 
death. 

Where victims have been subjected to the full force and flame of the 
explosion at some distance from the shaft, they are found mutilated and 
burnt, and often buried under falls of stone, and have not moved further 
than the explosion might have blown them. It would be impossible to 
say whether violence or after-damp had been the immediate cause of death 
in such cases ; but it would be certain that after-damp alone would have 
caused nearly immediate death, even if they had escaped death by violence. 
The stone under which they were found may not have &llen until after 
death. 

The victims outside the field of the explosion, and who escape both 
violence and burning, die from after-damp alone. 

It would appear that the immediate cause of death is, in almost all 
cases, after-damp. Victims exposed to violence and burning would be, 
unless near the shaft, also so exposed to after-damp that the latter alone 
would cause almost immediate death. 

Persons found alive near the downcast shaft, and who, owing to its 
proximity, have escaped death from after-damp, often die in a day or two 
from the effects of the violence and burning they have been subjected to. 

There is another condition that may be the cause of death in some 
cases : the air in the field of an explosion is often so filled with dust as to 
cause suffocation ; thus the mouth of one of the victims of the Usworth 
explosion was observed by the doctor to be ftdl of coal dust. 

The report by a doctor as to the injuries and burning of each victim 
of an explosion is very necessary ; important conclusions can sometimes 
be drawn from the character of the injuries. 

The relation between workmen and their lights must be discussed. 
Ordinary workmen using a safety lamp and working in a limited area, 
such as hewers, stonemen, shifters, etc., always hang their safety lamps 
within a short distance of their place of work, on an average from 3 to 6 
feet distant. They sometimes have a nail attached to the ring of their 
lamp, which they knock into a prop or any timber near. The hewers are 
generally provided with a lamp stand on which they hang their lamps, 
and sometimes the lamp is placed on the floor. Workmen whose 
work necessitates constant motion, such as officials, putters, drivers, etc., 
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carry their safety lamps with them, when at rest hanging the lamp by a 
nail or setting it on the floor. A miner using a safety lamp or any descrip- 
tion of light is rarely any considerable distance from it ; he carefully guards 
it and seizes it on the flrst symptom of alarm. 

In dusty collieries, after extensive explosions, the following relation 
between workmen and their lamps is observed : — 

a When the workman has been travei'sed by great force and flame 
the lamp is usually found blown down and injured, and 
not far from the owner. 

b Where the workman has been traversed by flame, but no great 
force, the lamp is found hanging where it was before the 
explosion, and the workman a few yards from it, unless he 
has been in motion at the time of the explosion, or has 
retired from his place of work to fire a shot, in which cases 
the lamp is either with him or at the point to which he has 
retired, usually upset and covered with oil. 

c Where the workman has been out of the field of the explosion, 
but sufficiently near it to extinguish his lamp, in this case 
the lamp is found hanging at the place of work and the 
workman some distance from it, having passed out in the 
dark until he perished from after-damp. 

d Where the workman has been travei-sed by no flame and no force 
or any gust of air sufficient to extinguish his lamp, in this 
case the workman and lamp will be found together at the 
point where he has perished from after-damp, and some 
distance from his place of work. The lamp may be found 
hung up or standing on the floor, the oil in some instances 
being all consumed, the lamp having continued burning 
after the death of its owner. 

The relation between workmen and those parts of their dress they take 
off when at work is similar to the relation between them and their lamps. 

In fire-damp explosions, without any coal dust being brought into 
play, the relations discussed are different. The persons at the point of 
origin frequently escape alive, with bums only, and the movement ob- 
served to have been made by all the victims, is fer greater than in the 
case of victims in the field of an explosion in dusty pits. 

The task of examining a colliery after explosions, such as those to be 
described, is most laborious and sometimes dangerous. To have the best 
chance of dmwing correct conclusions from such an examination, it is 
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essential that it made when tlie mine is first explored, as it is necessary to 
move many things during the work of restoring the ventilation and 
recovering the bodies, and this is done with very little observation by the 
workmen. The whole of the work has to be done by the dim light of the 
safety lamp, and as operations are carried on continuously by night and 
day, the same observer cannot" always be present. 

It is necessary to use considerable caution in drawing conclusions 
from the indications observed as to the direction in which the explosion 
has passed. In some cases the most careful examination showed that 
force had been exerted in opposite directions over the same length of road. 
In several cases light bodies were moved several yards in what was 
evidently the contrary direction to that of the explosion. 



SEAHAM COLLIERY EXPLOSION. 

An explosion occurred at Seaham Colliery, in the County of Durham, 
on the 8th September, 1880, at 2*20 a.m., causing the death of 164 men 
and boys and 181 horses and ponies. 

The explosion was confined to workings on what is practically one 
horizontal plane, which at the shafts lay at a depth of 510 yards. The 
Hutton and Maudlin Seams were worked on this level, the latter seam 
being thrown down by a dislocation near the shafts to about the level of 
the former. The Main Coal Seam had also been approached through this 
trouble, but at the time of the explosion no workings were being prosecuted 
in it. Extensive workings were in operation at levels both above and be- 
low that on which the explosion occurred : in the Main Coal Seam at 438 
yards at the shafts, and in the Hutton Seam at 564 yards on the low side 
of the trouble already referred to. The explosion was confined to the 
middle level, and no workmen above or below lost their lives. 

There are two shafts at Seaham Colliery. The downcast shaft, 14 feet 
in diameter, is sunk to the Busty Seam at 600 yards, and is divided into 
two equal parts by a 3-inch wood brattice. At one side of the brattice 
coal was drawn from the level of the explosion, and at the other side fix)m 
the deeper level at 564 yards. This shall was naturally dry, but water 
was drawn for a few hours nightly from the lowest level, causing some 
temporary dampness on one side of the bi-attice. The upcast shaft, 14 
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feet in diameter, lies about 150 yards west of the downcast, and is sunk 
to the level of the explosion, and used for raising coal from that level. 
Several staples, sunk between the three levels in the vicinity of the shafts, 
supplement their action. 

The general inclination of the measures is moderate, the full rise being 
nearly due west, about 1 J inch to the yard. 

The colliery was worked, as most Dnrham collieries are, by two shifts 
of hewers during the day time, and a shift of repairers and stonemen, with 
a few hewers, at night. Had the explosion occurred during the time coal 
was being raised the loss of life would have been much greater. 

About 1,500 tons of coal was raised daily from the workings on the 
plane of the explosion. 

The Clanny safety lamp was principally used by the workmen. Some 
Davy and Stephenson lamps were used. 

Gunpowder was not used for blasting the coal, but it was used in stone 
work, a written authority to fire shots being given by the manager. 

Both the Hutton and Maudlin Seams pix)duce fire-damp in consider- 
able quantity. Blowers were sometimes met with in the working faces, 
more particularly when near dislocations. In the whole or first working 
gas issued from the coal and was sometimes seen on the lamp. In the 
broken or second working it was occasionally found near the goaf edge, 
and at several points in the return air ways fire-damp was given off from 
old goaves, especially when the barometer was low. They are both very 
dry seams and produce much coal dust. 

The ventilating power of the colliery, consisting of two furnaces and 
several boiler fires, was on the plane of the explosion. The smoke and 
heated air ascended two staples to the Main Goal Seam, and passed thence 
to the upcast shaft. Both the famaces and some of the boiler fires were 
fed with retura air from the plane of the explosion. So far as is known 
the fiirnaces and boiler fires were in their normal condition ; furnacemen 
were in attendance at each furnace and the boiler fires were damped. 
The total amount of air ventilating the workings affected by the explo- 
sion waa 184,000 cubic feet per minute. The water-gauge near the down- 
cast shaft was 2*1 inches. 

The workings on the plane of the explosion were divided into three 
principal districts — ^No. 1 Pit, Hutton Seam ; No. 8 Pic, Hutton Seam ; 
and the Maudlin. These districts were approached by three main intake 
and haulage roads, separating near the downcast shaft. The coal was 
drawn to the shafts from the landings, marked on plans, by engines, main 
and tail ropes being used. 
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The following statement gives the length of air roads and the quan- 
tities of air, etc., in these districts : — 



Name of District. 



Length In Tards of 






1^ 



h 



fiiii 



^1 



Quantity 
of Air. 



Yards. 



Yards. Yards. 



Sq.ft. 



Sq.ft. 



Pt.l^m. Ft.i^m. 



No. 



0b.Ft.«)m. 



No. 1 PIT, HUTTON SEAM. 

Flu* off way 

3rd East way. straight east 

Do. north'slde . . 

Air not going into working faoes, 
as hoilers, engine hoose, 
stables, etc 



2.eoo 

2,860 
3.375 



2,800 266 



S^lOO 
3,750 



300 
1.150 



Total, No. 1 Pit 

No. 3 PIT, HUTTON SEAM. 

South way 

West way 

North Main Coal 



I.IOC 
1.250 
1,060 



No. 1 Fornaoe. leakage, and 
Maudlin engine 



Total. No. 3 Pit 

UAITDLIN SEAM. 
West or incline way 
EastWay 



Air not going into working faoes, 
as stables and leakage 



1.450 
1,500 
1.060 



190 



90 



110 



2.700 
2.100 



2.900 
3.150 



750 
350 



60 



500 400 

143 I 246 
268 300 



20,000 
10.000 
16,000 

31,620 



718 



342 

260 
276 



342 

216 
276 



256 
300 



760 



233 

375 



76.620 



13,680 
12,960 
6.930 



61,860 



14,000 
15.000 

16,676 



45,676 



184.146 I 

I 



There was nothing unusual in the meteorological conditions at the 
time of the explosion, as the following ohservations taken at Seaham 
Harbour, about a mile from the colliery, will show : — 

7th Sept., 9 p.m. Barometer, 30*038. Thermometer, Dry 55 8 dog. P., Wet 52*0 deg. F. 
8th „ 9 a.m. „ 30-087. „ „ 67-0 „ „ 63-2 „ 

From 9 p.m. on the 7th to 9 p.m. on the 8th the maximum and mini- 
mum thermometrical readings were 62 deg. F. and 47 deg. F. 

The workmen had examined the colliery under the 30th General Rule 
of the Coal Mines Act two months before the explosion, and found all 
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satisfactory. No unusual source of danger was known to exist, and the 
examination of the whole colliery by the officials on the day preceding the 
disaster had pointed to everything being in its normal condition ; nothing 
had alarmed any of the workmen who left the pit before the explosion, 
nor any who were down and survived it. 

When the explosion took place a loud report was heard on the surface, 
and clouds of dust were ejected from the shafts, but no flame was seen. 
Owing to damage done to the shafts it was more than 1 2 hours before a 
descent could be effected, and then the usual scene of destruction was 
witnessed by the explorers ; doors and air crossings destroyed ; tubs broken 
to pieces and hurled one over another, and everything movable displaced ; 
timber blown out and heavy &lls from the roof in consequence, and the 
bodies of men and horses, in many cases terribly mutilated. Several 
fires were found burning near the shafts, and these had to be extinguished 
under circumstances of great danger before the exploration of the mine 
could be continued. The recovery of the bodies was carried on with un- 
remitting labour, but owing to the numerous difficulties only 13G had 
been removed by the 1st October, when it was discovered that a fire was 
burning near the stables in the East way of the Maudlin Scam at a 
distance of 1,300 yards from the shaft. It was then decided by the 
mining engineers in charge of the operations to seal off this part of the 
mine for some time. It was re-opened in June of the following year, 
and the exploration continued under great difficulties, owing to the work- 
ings being full of fire-damp, and the uncertainty of the fire being quite 
extinguished. Use was made in these operations of Fleuss's patent lamp 
and breathing apparatus for penetrating dangerous gases ; by means of 
them the explorers were enabled to advance before the air to ascertain if 
there was any sign of fire, and the lamps were of great service owing to 
the excellent light which they gave. The last of the bodies was not 
recovered until exactly a year after the explosion. 

The explosion was found to have extended over roads of an aggregate 
length of about 7,500 yards, the greatest distance between the extreme 
points reached being about 3,800 yards. It had not extended quite to 
the face of any district, and was entirely confined to haulage and intake 
air roads. 

The following observations were made of indications of the force and 
direction of the explosion. The figm'es refer to Plan 2, where arrows show 
the direction of the force exerted. 

The timber in the downcast shaft (1) was much damaged for about 
80 yards above th,e plane of the explosion. Access to the mine by this 
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shaft was not available until nine days afterwards. Iron lattice fencing 
at each side of the shaft, and at right angles to the line of the road 
crossing it, was bulged towards the centre of the shaft from both sides. 
A disc of sheet iron, forming a guard oyer a sheave fixed at one side of 
the shaft, was bent outward from No. 1 Pit. Twelve yards north of the 
shaft stood a wooden tank, the south end of which was broken and forced 
into the tank and towards the shaft. 

Proceeding into No. 1 Pit, on the south side of the shaft, a number of 
tubs showed signs of great force having passed inward to the south. The 
upper parts of some of these tubs were sheared off the trams and carried 
in-bye, and the angle irons at the corners were, in most cases, bent in-bye. 
At (2) there was evidence of great force passing off the haulage road 
towards No. 1 boilers; the regulating doors were blown towards the 
boilers, and the dampers of the lx)ilers were forced into the flues. At (3) 
doors were blown to the return. ITie air crossing here was blown up; 
bricks from it and from a fall of arching were mostly blown to the north 
or out-bye. Unbumt hay was also scattered along the road here, evidently 
irom the stables further in. At (4) near the engine house part of the 
cover of a large wheel was blown in-bye. At (5) tail rope sheaves blown 
down afforded evidence of force having passed over them as shown by 
arrow. At (6) the main intake was doubled, one road being used as a 
haulage road and the other as a travelling road for men and horses, part 
of the air passing along each road. These roads united again at (7). 
The passages driven between the haulage and travelling roads in this 
case, as well as between two such roads in the Maudlin Seam, were stowed 
close, preventing any force passing between them except at the junctiohs. 
The explosion had not traversed the travelling road ; at each end, at its 
junction with the haulage road, disturbance was observed extending a 
short distance along the travelling road ; a blast had shot into each end of 
it. At (8), about half way along the travelling road, doors leading firom 
it into the return were not moved. Near (9) the wrecks of two cabins 
by the side of the road showed signs of force passing in-bye. At (10) the 
out-bye end of a wall of loose stones was swept in- bye. Near (11) five 
stoppings were blown towards the return ; nearly all the other stoppings 
which were examined were so strongly stowed that they had not been 
moved. At (12) doors were blown to the return. At (13) a prop was 
forced in between the hauling rope and a binding sheave, showing force 
as indicated by arrow. At (14) doors were blown to the return. At (15) 
the return wheel, at the Third East way end, was moved in-bye. At 
(16) and (17) tubs were forced in-bye. At (18) the return air road was 
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directly above the intake and haulage road, a brick arch separating them. 
This arch had been blown up for a length of abont fifteen yards and a 
very large fall of stone had taken place, which was roughly estimated to 
amount to 400 tons. This fall completely closed the road. The explosion 
had ceased on this road less than 300 yards beyond the fall; doors there 
were not blown out. 

Setuming to the downcast shaft and proceeding into No. 8 Pit ; from 
the shaft to the commencement of the curve, the timber was blown out 
and some of the roof stone fallen. At (19) was the road leading to 
No. 1 furnace and upcast staple ; the doors here were blown towards the 
furnace and staple. In the curve no timber had been required, and there 
was nothing here to afford indications as to the passage of force. At (20), 
the west end of the curve, timber was displaced on the Maudlin haulage 
road at its junction with the curve From this point, passing into No. 3 
Pit for a distance of about 100 yards, none of the timber, of which there 
was a large quantity, was blown out or displaced. At (21), about the 
centre of this undisturbed portion of road, blasting tools were observed 
standing upright against the side of the road, not having been blown 
over. The only sign of force on this length of road was a slight disturb- 
ance of one or two sheaves carrying a haulage rope near the roof, and cf a 
wire rapper rope. The rapper rope was coiled round the haulage rope, 
and a few yards of it were drawn or shoved in a sort of knot a^inst a 
sheave. As this was close to the undisturbed blasting gear it appeared 
probable that the force was transmitted by the ropes themselves when 
they were disturbed by falls of stone or timber at some point outside this 
length of road. After passing over this undisturbed portion of road the 
timber was again found blown out, and this displacement of timber 
continued up to the limits of the explosion in every direction ; heavy falls 
of stone being caused in many places by its removal. At (22) is the road 
leading to No. 3 or the upcast pit ; doors here were blown towards that 
shaft, and nearer the shaft tubs had been traversed by force passing to it. 
At the upcast shaft (23) the scaffold and wire rope guides were displaced, 
and doors beyond the shaft were blown to the return. Here also doors 
leading to No. 8 furnace were blown towards the furnace. At (24), on 
the other road off the main intake to No. 3 shaft, timber was blown 
towards the shaft ; the doors which stood on this road had completely 
disappeared. 

Betnming to the main road at (22) doors were blown northward 
towards the North Main Coal. The explosion did not extend into the 
North Main Coal On the main road at this point stood an engine. 
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the pressure gaiig^e pipe of which was bent towards the west. At (25) a 
wall was displaced westward. At (26) a large wheel was broken, and part 
of it carried to the west ; the cleading or fencing of this wheel was 
blown in the same direction. The air crossing near here was displaced. 
At (27), to the east of the South way end, the sheet iron guard of a 
sheave was bent over to the east, and within the South waj a similar 
guard was bent over to the south. At (28) was a staple, down which coal 
tubs were lowered from the Main Coal Seam ; timber in the staple was 
displaced and doors near it were blown into the return. Passing along 
the South way at (29) tubs and sheaves had been traversed by force 
passing southward. At (80) two air crossings were displaced. The 
explosion ceased a short distance beyond the crossings. Returning to 
the road going west an abandoned way known as the West incline was 
examined. At (31) a loose coil of rapper rope was driven eastward on to 
a loose rail. At (82) bricks from a wall (built at side of road in order 
to make a definite area for measuring air) were blown eastward. Near 
(88) two rope rollers, partially torn from their framework, showed signs of 
force passing west. At (84) the incline wheel, seven feet in diameter, was 
torn from its framework and carried thirty yards westward. This wheel, 
with its brake attachments, would probably weigh half a ton. Further 
up this road five pairs of doors were blown to the returns. The explosion 
ceased a short distance from the face, and next the goaf a light wood 
fence was undisturbed. 

Returning to the shafts : — from each end of the curve, roads passed 
through a dislocation, which threw the Hutton and Maudlin Seams nearly 
on one level ; these roads joined on the Maudlin side of the trouble. One 
of them passing direct from the downcast shaft was known as the travel- 
ling way, and the other was the haulage road along which the coal from 
the Maudlin Seam passed to No. 8 Pit. On the travelling way at (85) 
bricks from an air measuring place were blown towards No. 1 Pit, and 
the air crossing further along it was displaced. On the other road, dis- 
turbance commenced at its junction with the curve (20), where timber was 
displaced. At (86) tail rope sheaves on spindles, fixed in the side of road, 
were blown in-bye, and the spindles bent in the same direction. Near 
the junction of the two roads, through the dislocation at (87), a travel- 
ling road and second intake, similar to that described as existing in No. 1 
Pit, left the haulage road, rejoining it at (88). This travelling road, like 
the other, had not been traversed by the explosion, but was disturbed only 
for a short distance from each end. On the Maudlin haulage road, near 
the East way end (89), a chock built of timber placed crossways was 
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moved inward. Near (40) a balk was observed slewed outward, the prop 
under one end of it was blown out, and it had moved on the other as a 
pivot. The explosion ceased in here about the engine landing (41). In 
the East way of the Maudlin it had passed almost to the faoe. 

It will be obser\'ed that all the indications of the path of the explosion 
ai-e on the main intake air ways and haulage roads. The return air ways 
and those parts of the intake and haulage roads not affected by the ex- 
plosion were carefully examined, and no difSculty was found in coming to 
a positive conclusion that they had been traversed by neither force nor 
flame. In all cases, doors, air crossings, and such stoppings as were moved, 
were blown from the intakes to the returns. 

The distinct evidences of flame having existed over the roads traversed 
by the explosion were few at Seaham, beyond the burning of men and 
horses, and fires found burning after the explosion. There was a marked 
absence of coked coal dust, but a microscopical and chemical examination 
of coal dust from roads traversed by the explosion, made by Sir F. (then 
Professor) Abel, afforded evidence of the action of flame upon it. Un- 
fortunately, no exact record was kept as to the burning of the bodies of 
the victims, but so far as observations were made, it was found that the 
bodies of men and horses, who had been on the roads traversed by the 
explosion, were burnt, and as traces of fire were found on these roads, &r 
apart, it is concluded that the flame had passed continuously along them. 

In No. 1 Pit, the onsetter was burnt near the downcast shaft (1). 
At (2) the coal was found burning after the explosion. At (4) the engine 
house was on fire. At (12) a man was burnt. Between (17 and 18) 
timber was charred. 

In No. 8 Pit, at (20) and (21) men were burnt. At (22) burnt coal 
or dust was observed. At (28) timber on fire was extinguished by 
survivors. 

In the Maudlin, the stables on the east side of the road at (37) were 
on fire. Near (41) timber was charred. At (43) the stables in the East 
way had been the scene of a fire, smoke and steam were seen by the ex- 
plorers before this part of the pit was sealed off, and on re-opening the 
mine it was found that there had been an extensive fire in these stables. 

At the time of the explosion there were on the plane of the explosion 
169 persons ; five of these survived, one being the onsetter at the down- 
cast shaft, and four workmen from the South way in No. 3 Pit, who 
escaped to the shaft by the return air road. 

There were the following fires and naked lights on the plane of the 
explosion : — 
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Open lamps at the downcast shaft. 

Open lamps at the upcast shaft. 

No. 1 furnace and 2 boiler fires near it, fed with return air. 

No. 3 furnace fed with return air. 

No. 1 boilers fed with fresh air. 

Four horsekeepers carried naked lights. One of them was found 
near the stably in No. 1 Pit, near (6). One in the stables in No. 8 Pit, 
near (22). Two were found in the Maudlin ; one in the west stables, 
near (87) ; and the other on the haulage road of the East way, at (42). 

Each of the workmen, except the four horsekeepers, had a safety lamp. 

There was possibly an open lamp at the bottom of the Main Goal 
Staple (28). One hung there, but it was not known whether it was 
lighted at the time of the explosion. 

Shots were to be fired on the night of the explosion at three points in 
No. 8 Pit. One, west of the curve, at (21) ; and two, near the South way 
end, (27). These shots were all to be fired for the purpose of enlarging 
refuge holes. * - 

The workmen on the plane of the explosion may be divided into three 
classes : — First, the survivors ; second, victims in the field of the explosion, 
or who had been traversed by force or flame, or both ; third, victims out- 
side the field of the explosion. 

Of the survivors, one of them, the onsetter at the downcast shaft had 
been in the field of the explosion ; the other four persons were outside the 
field. These men had been under no alarm up to the time of the explosion. 

The workmen in those parts of the pit over which the force and flame 
of the explosion had extended, or victims in the field of the explosion, 
were all found at the places where their work required them, and there 
appeared no reason for supposing that any of them had been alarmed 
previous to the explosion. 

Those of the workmen who had been outside the field of the explosion 
were found, in most cases with their lamps, at some distance from their 
working places, and they had perished by after-damp while coming out, 
or while waiting for rescue. There was evidence in the form of written 
records that some of these men had lived for some hours after the explo* 
sion.* The oil in some of their lamps was exhausted, showing that they 
had continued burning for some hours after the explosion. 

In fixing the point of origin of this explosion, the first consideration 
which forcibly presented itself was, that this point did not lie at or near 
any of the working faces where the bulk of the workmen were, but at 
some place within a short distance of the shafts. Thos, in No. 1 Pit, the 

* See Note A. 
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indications at (1), (4), (5), (9), (10), (13), (16), (16), and (17) showed 
that the explosion had gone inward from the downcast shaft. In No. 8 
Pit, the indications at (22), (25), (26), (38), and (34) showed it had gone 
up the "West incline from some point to the east of the road leading to 
No. 8 Pit ; and indication (29), that it had passed into the South way 
from its junction with the West way. In the Maudlin, indications at (86) 
and (89), showed that force had gone inward from the janction of the 
Maudlin haulage road with the curve. 

It will be observed that there were on each of the three long lines of 
road, certain minor indications, at (1) and (8) in No. 1 Pit ; at (27), (81), 
and (82) in No. 8 Pit ; and at (40) in the Maudlin, which pointed to force 
coming outward. It is somewhat difficult to account for these reverse 
indications, but it would appear that in some, if not in all cases, there is a 
reverse current of considerable force succeeding the explosion, sufficient in 
strength to move loose materials or bodies already disturbed by the 
original force ; and the writers conclude that these outward indications 
were due to this secondary action, as in all cases much stronger indications 
of inward force were observed. 

The positions in which the bodies of the men from all the working 
faces were found showed that they had been killed by after-damp, and 
not by the force or fire of the explosion. 

As the indications clearly pointed to the vicinity of the shafts as the 
place where the explosion had originated, attention was naturally directed 
to the furnaces near (19) and (28), as the return air carrying off all the 
gas issuing from the plane of the explosion passed over these furnaces. 
In addition to this, there were, at Seaham, large goaves within a com- 
paratively short distance of the shafts. The possibility of the explosion 
having had its origin at one of these furnaces was carefully considered. 
It was quite evident, however, that the explosion had passed from the 
intakes to the furnaces. In both cases, doors separating the intakes 
from the returns near the furnaces were blown towards the furnaces, and 
in all other cases, doors, regulators, air crossings, and stoppings were 
blown from the intakes to the returns. In the return air ways there was 
satisfactory evidence that no explosion had passed to or from the furnaces 
by that route. In both cases the caution boards, about 50 yards from the 
furnaces, were unmoved, and a miniature wind-mill near one of them was 
not blown down. At no point was any disturbance observed in the return 
air ways, except at points where the explosion had blown into them from the 
intakes. The considerations applying to the furnaces apply equally to 
the boiler fires fed with return air near No. 1 ftimace. The regulating 
doors leading to the No, 1 Pit boilers, fed with fresh air, at (2), were 
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blown towards the boilers, and this, with other evidence, negatived the 
idea that the explosion had originated at them. 

There was nothing whatever to show that the naked lights at the 
shafts or the open lightis or lanterns carried by the four horsekeepers could 
be selected as a point of origin. 

The workmen in No. 3 Pit; to the west of the road leading from the 
intake (22) to the upcast shaft, had been traversed hj the explosion, 
passing into the West and South ways. Two shots had been fired near 
(27), between the air crossing and the South way end, but apparently some 
time before the explosion. 

There remain now for consideration two men working on the undis- 
turbed portion of the main road to the west of the curve. From the position 
in which these men were found, and from facts obfler\' ed at the point where 
they were engaged, it was evident that they had fired a shot in the stone 
either immediately before or simultaneously with the explosion, near the 
centre of the undisturbed portion of road. The road here was in stone, 
and these men had been engaged in enlarging a refuge hole by blasting. 
Part of the end of the drill hole was visible, and the stone blown down by 
the shot had not been removed. The blasting gear was standing near, set 
upright against the side. A broom was observed near the place.* One of 
the stonemen was found in a refuge hole 20 yards to the west of the shot, 
and the other was 40 yards to the east, these being positions they might 
naturally assume after lighting a shot. These men had safety lamps. 
In lighting a shot they did not unscrew the lamp top off, but inserted a 
thin pliant wire through the gauze into the fiame, withdrawing it quickly 
when heated and applying it to touch-paper ; this touch-paper took fire 
and in turn ignited powder in a straw in the pricker hole of the shot. 

The writers assume an issue of flame from the shot as the ignition 
point of the explosion. 

The indications of force strongly point to the undisturbed section of 
the main road as being the starting point of the explosion, force radiating 
from here in three directions. 

It was ascertained that the explosion^ in passing from the Maudlin and 
No. 1 Pit into No. 3 Pit, or vice versa, must have traversed this undis- 
turbed length ; the only other routes available were examined, and it was 
clear no explosion had passed along them. If, therefore, the point of 
origin lay outside this length of road, the difficulty presented itself of ac- 
counting for the absence of disturbance on it ; no other examples of force 
dying out for 100 yards and resuming again its full strength were observed. 

* Supposed to have been used for sweeping away dust before firing a shot. 
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If, however, the explosion originated in the undistnrbed length of road it 
did not appear unreasonable to suppose that in some way the force in- 
creased in each direction, and this is what the writers assume took place. 
It will be observed that the existence of flame is proved in the undisturbed 
length of road. 

The next factor to be considered is the explosive material. The only 
substances which have ever been regarded as contributory to colliery 
explosions are fire-damp and coal dust, and until recently the influence 
of the latter was practically ignored. The explosive nature of mixtures 
of fire-damp and air is well known, but in attempting to account for this 
explosion, on the assumption that it was caused by fire-damp, there are 
difficulties which appear to the writers to be insurmountable. These 
difficulties, moreover, are independent of the precise position of the point 
of ignition, and would apply with equal force to any point selected. The 
chief difficulty is to account for the extension of the explosion for 
long distances over the main intake air ways ; roads constantly swept 
by large volumes of air, separating into three main currents at the 
downcast shaft. It is incredible that the air on all these roads was in an 
inflammable or explosive state, due to the presence of fire-damp. The 
absence of alarm amongst the workmen on them, at the time of the explo- 
sion, goes far to prove that it was not. To account for the air passing 
along any o»e of the intakes, being charged with fire-damp, it is neces- 
sary to assume a sudden discharge of gas at some point, of which there 
was no evidence whatever. All these roads were old and spacious 
galleries, along which large cuiTents of air passed direct from the down- 
cast shad, and the tendency of the air was to pass from them into all 
side openings. Naked lights were used on them daily, and at the time 
of the explosion some such lights were in use on them. 

It was very improbable that there had been any accumulation of fire- 
damp in any place out of the direct current of air, and any possible 
accumulation of the kind must necessarily have been too small in amount 
to account for the eflfects observed. 

Apart, however, from the difficulty of accounting for the presence of 
fire-damp at any possible point of ignition, greater difficulties present 
themselves in attempting to account for the large extent of the explosion, 
and the fact that it had been confined to one paiticular class of roads : 
the haulage roads. Indeed, a consideration of these phenomena appears 
to negative the possibility of any gaseous body having carried the 
explosion over the mine. 

Had the explosion been due to the combustion of fire-damp, existing 
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either afi a fonled air current, or as an aocumnlation or series of accmnn- 
lations, it is evident that in exploding it would extend indifferently over 
all the open roads accessible to it (other than that on which it existed) 
until the expansion ceased. This was not the case, but the contrary. On 
each of the three long lines of road, over which the explosion extended, 
it missed certain portions along which passed air split off the same 
current. These portions of intake air roads, all well within the field of 
the explosion over which it did not pass, were the travelling roads in 
No. 1 Pit, and the Maudlin, the North Main Coal, and the South way in 
No. 8 Pit. Neither had the explosion traversed any of the return air 
ways, along which pass all the fire-damp given off in the mine. 

The apparent impossibility of accounting for the effects of this explo- 
sion, on the assumption that it was due to fire-damp and air, and the 
great dilQSculty in accounting for the presence of any fire-damp at any 
point at which the explosion could possibly have had its origin, directed 
attention to coal dust. There was coal dust on all the roads traversed by 
the explosion, and there was coal dust at the supposed point of origin. 
Seaham is a very dry colliery, and the haulage roads were the driest parts 
of it. The coal dust in the vicinity of the downcast shall proceeded in 
part from the surface, being canied in the air from the screens and de- 
posited in the pit ; on a sunny day the particles of dust could be seen 
glistening in the air, and going down the shafts. The chief source of the 
dust on the haulage roads was from the tubs of coal, drawn by engine power 
at the rate of 10 or 12 miles an hour, against currents of air moving in 
the opposite direction. The coal being dry and dusty, much dust was swept 
off the tubs and settled on the roads, and beyond what was thus swept off, 
both dust and small coal were shaken out of any holes there were in the 
tube. 

The return air ro' ds were practically free from coal dust, no coal was 
led along these roads, and the chief source of coal dust was therefore absent. 
After the driving of these roads in the coal, a considerable amount of work 
was done in them from time to time in the shape of forming stone pillars, 
removing fallen stone, etc., and they were constantly travelled by the 
wastemen and officials. They were dry, and these operations produced a 
quantity of stone dust, grey in colour. No coal was led along the travel- 
ling roads in No. 1 Pit and in the Maudlin ; they were used as doubling the 
intake air road, and as travelling roads for men and horses ; the dust in 
them was principally stone dust. The inner portion of the South way in 
No. 8 Pit, beyond the point to which the explosion extended, wbjs a horse 
road, and the dust on it was largely mixed with stone dust, caused by the 
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grinding of the soft bottom stone by the feet of men and horses. The 
coal being led by horses did not travel at a high speed, and the current 
of air passing along this road had no great velocity. The North Main 
Coal, into which the explosion did not extend, was damp and free from 
coal dnst. 

It thus appears, that on all the roads traversed by the explosion there 
was a plentiful supply of coal dust, while those portions of the roads which 
it had apparently so capriciously missed were, in comparison, free from coal 
dust. In the absence of any other means of accounting for the extent and 
course of the explosion, these facts are of striking significance. After the 
explosion all the parta of the mine, in which its effects could be traced, 
were covered on the bottom and on flat surfeces with a coating of fine dust, 
impalpable and almost like soot, which when examined under the micro- 
scope appeared to have been acted on by great heat. This fine dnst 
covered the surfeces for a depth of from | to ^ an inch, and under it, on 
the roadways, was coarser dust and refuse. Dust of this nature was 
entirely absent on those roads over yrhich the explosion had not extended. 

There was a marked absence of the coked or charred dust so often 
found after explosions, but that part of the volatile matter was expelled 
from the dust, was proved by the analyses of Sir Frederick Abel, under- 
taken at the request of the Miners' National Association. It would be 
difficult to estimate whether a sufficient amount of volatile infiammable 
matter had been expelled to consume all the oxygen in the air on the 
roads over which the explosion passed, but it would only require a small 
proportion of the total amount of such volatile matter to do so. 

It will be observed that the explosion had been arrested at a consider- 
able distance from the fe^CQ in die Third East way in No. 1 Pit, and the 
West way in the Maudlin. The reason of this was not quite obvious, 
but it may have arisen either from the action of heavy falls or from 
the failure of the supply of dust. In the Third East way of No. 1 Pit, 
there was a small feeder of water near the place where the explosion 
ceased, issuing from the bottom and running to a pump further in, and 
so causing the road to be damp. This was about 800 yards beyond 
where the road was completely closed by the fall of the arching ; this 
fall would close the road as soon as the arch was lifted, and if this 
took place before the flame had passed the point it would prevent its 
passage. This, however, is conjectural, and it is perhaps more probable 
that the arrest of the explosion was due to the lack of dust. In the case 
of the West way in the Maudlin, there is some probability that the road 
was damp at the place where the explosion stopped, because water was 
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led over it from a stone drift in the vicinity. The state of the road here 
had not been particularly observed before the Maudlin Seam was shut off 
on account of the fire. 

It is necessary to account for the ignition of the dust. At the place, 
which is concluded to have been the point of origin, a shot had been fired, 
apparently simultaneously with the explosion. The shot hole had been 
drilled at right angles to the line of road, the outer end pointing slightly 
upward. The road at the place was in stone, and would probably be 
coated with the finest coal dust, and just above the shot, were large balks 
of timber set about 9 inches from the roof on which lodged much dust. 
It was not a blown out shot ; the stone it was intended to dislodge being 
thrown. It does not follow from this that it would show no flame ; many 
properly prepared shots show flame when they do their work, and if there 
is an overcharge of powder, or coal dust in the stemming, the flame is 
greater. The shock caused by the explosion of the shot would dislodge 
the dust and throw it into the air, and flame issuing, not necessarily to a 
large extent, would ignite it and fill the road with flame. Thus initiated 
the flame would extend along all the roads on which there was an 
uninterrupted supply of coal dust to support it. 



TRIMDON GRANGE COLLIERY EXPLOSION. 

On the 16th February, 1882, at about 2-80 p.m., an explosion took 
place at Trimdon Grange Colliery, in the County of Durham. It caused 
the death of 68 men and boys and 11 horses and ponies in that colliery, 
and the death of 6 persons in the workings of the East Hetton Colliery 
adjoining. Two of the latter — Mr. H. C. Schier, manager, and T. 
Blenkinsopp, master wasteman — descended after the explosion, and were 
killed by after-damp while endeavouring to rescue the workmen. 

The explosion was entirely confined to workings in the Harvey Seam, 
on one plane, which, at the shafts, lay at a depth of 286 yards. 

The Low Main Seam was being worked at a depth of 194 yards, but 
was unaffected by the explosion. 

The downcast shaft, 12 feet in diameter, was sunk a few yards below 
the Harvey Seam, and coal was raised from it up this shaft by two cages 
running in wire rope guides. This shaft was wet. The upcast shaft lay 
40 yards to the east of the downcast, and was sunk to the Low Main 
Seam only ; it was 18 feet 9 inches diameter. A staple, 10 feet in dia- 
meter and 92 yards deep, sunk from the Low Main to the Harvey Seam, 
near the upcast shaft, was the upcast from the Harvey Seam workings. 
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The general inclination of the Harvey Seam was to the N.E., the dip 
in that direction being abont 2 inches to the yard. 

From the downcast shaft haulage roads extended to the north and 
sonth. The explosion did not affect the districts to the south of the shaft. 
To the west of the haulage road passing northward, were three prin- 
cipal districts — the Headways, the Cross-cut, and the Pit Narrow Board 
districts. 

The haulage from the landings (shown on plans) was effected by an 
engine near the shafts working main and tail ropes. 

The ventilation of the colliery was caused by a furnace in the Harvey 
Seam at the bottom of the upcast staple. This fdmace was fed with return 
air from the plane of the explosion. A furnaceman was in attendance at 
the time of the explosion, and there was no reason to suppose that the 
fires were not in their ordinary state. 

The quantity of air circulating in the Harvey Seam amounted, when 
measured eight days before the explosion, to 52,694 cubic feet per 
minute. It was distributed as follows : — 
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The lengths of the intakes and return were :- 

Pit Narrow Board 

Cross-cut 

Headways 

The sectional area of the intakes was about 48 squp.re feet, and of the 
returns about 86 square feet. 

The explosion took place during full work ; the working &ces were 
occupied by hewers, and all the persons ordinarily employed in the leading 
of the coal to the shaft were in the mine. 
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Abont 400 tons of ooal per day were raised from' the Harvey Seam. 

The Harvey Seam here is 8 feet 8 inches thick. 

The Davy safety lamp was used by those workmen employed on the 
in-byeside of the cantion boards. 

Powder was used in the coal on the day of the explosion, and generally 
it was so used to a limited extent, and also for stone work. 

The Harvey Seam at Trimdon Grange was moderately fiery. Near 
some points at the goaf edges gas was seen regularly ; but these points 
were in the return air ways. 

The coal was dry and dusty, and the roadways were dry, except at 
some points. 

The barometer was low at the time of the explosion, and the minimum 
temperature was below freezing point some time during the day of the 
explosion. The following observations were taken at the colliery some 
time during the morning of the 15th and 16th : — 

Barometer. Thermometer. Barometer. Thermometer. 

Feb. 16th, Burface ... 29-30 ... 41® P. Underground... 8010 ... 51° P. 
„ 16th „ ... 2910 ... 35** F. ,. ... 3010 ... 50° P. 

At Durham University Observatory, on February 16th, the maximum 
temperature was 52*8 deg. F., and the minimum 29'0 deg. F. 

The workmen had not made a complete examination of the Harvey 
Seam for a year and a half before the explosion. A special examination 
of the Headways district was made on the 24th of August, 1881, after 
some of the workmen had seen some gas near the goaf. When this 
examination was made no gas was found. 

The officials of the colliery, from their examination of the mine on the 
day preceding, and on the day of the explosion, had discovered no 
unusual source of danger. 

The damage done to the downcast shaft l^eing small (partly owiug to 
the absence of timber in it, wire rope guides being used) and no fires 
being caused by the explosion, the exploration of the workings, and 
recovery of the bodies of the victims, was rapidly effected ; no special 
difficulties were encountered. The last body was brought out within 
three days of the explosion. 

It was found that the explosion had extended to the downcast shaft, 
and to the working face in the Pit Narrow Board and Headways districts. 

The most distant parts affected by the explosion were 2,800 yards 
apart by the route traversed by the explosion ; this route being along the 
main intake and haulage roads. No damage was done in the return air 
ways, except at points where doors, stoppings, or air crossways were blown 
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into them from the intakes. Near the face of the workings and in the 
retam air ways adjacent, at both extremities, there was coked coal dust 
on the timber. On the intake air roads, where the greatest damage was 
done, no coked dnst was observed, but men and horses who had been on 
these roads at the time of the explosion were all burnt. 

The timber at the bottom of the downcast shaft (1) was blown out, 
and the wire rope guides disarranged. Near the shaft two pairs of 
separation doors were blown from the intake to the upcast staple and 
furnace. Some force had passed over the furnace, blowing the bridge to 
the staple. 

On the south side of the shaft some force had been exerted, but this 
exhibition of force did not extend far, and was due to the explosion on 
the north side. 

The roof stone at Trimdon Grange was generally good, and fewer 
falls of stone were observed than otherwise would have been the case. 

Passing from the downcast shaft down the Pit Narrow Board or paain 
intake and haulage road, it was observed that the timber was all displaced. 
Three air crossings were destroyed, being blown from the intake to the 
return, and three pairs of doors were blown in the same direction ; but no 
indication of direction of force along the main road itself was seen until 
the engine landing (2) was reached. Here, about 20 yards south of the 
landing, there were some indications of force out-bye, or to the south ; 
some light articles, including " bait tins," or provision cases, were found 
nearer the shafl than the place where they were usually kept. Here also 
a rapper lever was found 11 yards nearer the shaft than the place where 
it had been fixed ; this might, however, have been caused by some weight 
falling on the wire further out. 

A set of full tubs stood within the landing. The tub nearest the 
shaft was broken, as if by force passing northward, the top only was 
broken ; the coal was piled up, and the corner pieces forced northward. 

At the First South way end (3) part of the door frame, one of the door 
bands, and bricks from the door setting, were blown towards the face. 
The trapper boy who attended the door was found nearer the face 
than where the door had stood ; he was enveloped in a canvas sheet, 
which hung on the in-byeside of the wood door, as if he had been blown 
into it. 

A few bricks were found as though they had been blown outward from 
the door, and opposite the way end, some debris, consisting of dust and 
pieces of wood and coal, was blown against the side of the way, or 
northward. At (4), in the First South way, the clothing of the putters 
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was fonnd 80 yards nearer the face than the place where they were in the 
habit of leaving it on commencing work. The stoppings on each side of 
the First South way were blown to right and left. 

At the Second South way end (5) the door stanchions, and one of the 
door bands, were observed 20 yards nearer the face than where the door 
had stood. Tools and nails, which had been in a chest standing on the 
ont-byeside of the door, were found scattered in the direction of the face, 
or in-bye. Here, as at the First South way end, there also appeared to 
have been some force outward, the remains of the chest, with other debris^ 
were blown against the wall side, opposite the way end. At (6), on the 
Second South haulage road, putters' clothing was found 14 yards nearer 
the face than the place where they were in the habit of leaving it. The 
stoppings on each side of this road were blown to right and left. 

The main haulage road between the Second and Third South ways was 
undisturbed ; the timber was standing, and a^driver with a horse and set 
of tubs on this part of the road were uninjured and unbumt. The 
horse and driver had been killed by after-damp. 

At the Third South way end (7) the door was shattered, but not dis- 
placed ; some bricks from the door setting and part of the door frame 
were blown outward. The explosion did not appear to have traversed 
the Third South haulage road. No damage was observed, except that 
the stoppings on each side of the road had been blown out, and they were 
not blown to right and left as in the First and Second South ways, but 
all to the right or north-west. 

From the engine landing at (2) the stoppings, as far as the Second 
South way end (5), were all forced or blown inward, that is, from the in- 
take ; those which were not stowed were found scattered along towards 
the return, as shown by arrows. On the in-byeside of the Second South 
way end the stoppings were blown outward on to the main road. 

Along the working face of the First, Second, and Third South ways the 
force, as established by observations made on tubs, etc., had passed in the 
direction shown by arrows at (8) (8), etc. 

Returning to the junction of the Headways and Gross-cut haulage road 
with the Pit Narrow Board, and passing along the former, it was observed 
that the first two stoppings on the right side of the road were blown on 
to the road (9). At (10), a bell sheave for guiding the haulage rope was 
observed forced in-bye. At the junction of the Headways and Cross-cut 
haulage roads a wagonwayman's chest and tools were blown in-bye (11). 

Beyond the junction in the Oross-cut haulage road, the first two 
stoppings on each side and a pair of doora were blown to the return, as 
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shown by arrows, but no farther disturbance was observed on this road. 
No timber was displaced, and no explosion had passed along it. 

Proceeding into the Headways way, it was observed that doors and 
stoppings were blown to the returns. At the shaft end of the engine- 
landing at (12), tubs had been traversed by force goiug in-bye. At 
the other end a metal cistern was broken, and part of it carried in-bye. 
Further in, at the pillar workings (18), a deputy's chest was blown 20 
yards in-bye, and at (14) tubs and doors were blown in-bye. At (15), 
doors in a passage between Trimdon Grange and East Hetton Collieries 
were blown out in the direction of the latter colliery, leading to the 
death of six men in its workings by afber-damp. 

The return air ways at Trimdon Grange were examined, and it was 
clear no explosion had traversed them, except for a short distance from 
the working face. 

The following indications of fire were observed : — 

Near the downcast shaft (1) a man was burnt. At the junction of 
the Pit Narrow Board and Cross-cut ways a man was burnt. On the Pit 
Narrow Board haulage road, 210 yards from the landing, a boy was burnt, 
and at that landing (2) another boy was burnt. The trapper boys at the 
First and Second South way ends (3) and (5) were burnt. The men 
at the face of the First, Second, and Third South ways were in most 
cases burnt, and coked coal dust was observed along the whole length 
of the working face and in the return air way adjacent, adhering to the 
timber. Coked dust was also observed in the unused passages of this 
part of the pit, so far as they could be examined. At the junction of 
the Cross-cut and Headways way (11) a man was burnt. At the landing 
in the Headways way (12) boys and horses were burnt. At the pillar 
workings, further in (18) and (14), men were burnt. A man and a pony 
were burnt in the narrow boards going south from the Headways way 
(16), and coked coal dust was observed at the working face and in the 
return air way adjacent. 

No coked dust was observed on the main haulage roads, where flame 
had evidently passed, and where force had been greatest. At the 
extremities of the explosion coked dust was abundant, and the force 
exerted less. 

No fires were caused in the mine by this explosion. 

At the time of the explosion there were on the plane of the explosion 
94 persons, and there were consequently a number who survived. All 
the workmen on the south side of the shaft escaped, and most of those 
from the Cross-cut district. Neither of these districts was affected by the 
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explosion, bnt the road to the shaft from the Grosg-cut district lay partly 
in the affected portion, and this led to the death of six of the Cross-cut 
workmen by affcer-damp. Two others were found insensible by the 
explorers. An engineman, about 40 yards south of the shaft, had just 
started his engine when the effect of the explosion on the other side of 
tiie shaft reached him, He was injured and rendered insensible, but was 
not burnt. 

There were the following fires on the plane of the explosion : — 

Furnace for ventilation. 

Boiler fire near the shaft. 

There were also open lights at the downcast shaft. 

The workmen on the in-byeside of the caution boards had each a 
Davy safety lamp. Naked lights were used up to the caution boards on 
the main roads. Drivers, whose work lay on each side of the caution 
boards, used safety lamps. Those workmen who were employed altogether 
on the out-byeside of the caution boards used naked lights. Beyond this 
no positive evidence was adduced as to the description of lights used 
by the workmen. It was known that some of the boys used " midgies," 
or open lights, on the out-byeside of the caution boards, and that two 
wagonwaymen used oil lamps. 

Gunpowder had been used in the coal in the South ways on the day of 
the explosion, and a shot was ready for firing in the Headways way. 

Dividing the workmen on the plane of the explosion, as at Seaham, 
there are — 

1st. — The survivors. 

2nd. — ^Victims in the field of the explosion. 

8rd.— Victims outside the field of the explosion. 

The survivors, comprising the men on the south side of the shall, 
and those of the Cross-cut workmen who escaped to the shafts, all stated 
that they had been under no alarm up to the moment of the explosion. 

The victims in the field of the explosion appeared, so &r as a judg- 
ment could be made, to have been under no alarm up to within a few 
moments of their death. The four men who worked at the bottom of 
the downcast shaft were found dead there. The furnaceman was 
found near the shaft alive, bnt he died in a few days. An offl^ake 
lad and a wagonwayman were found at the junction of the Pit Narrow 
Board and Cross-cut haulage roads, where their work required them. 
On the Pit Narrow Board engine plane, 210 yards above the horse 
level, a driver was found. The empty tubs ran by gravitation to this 
point, bringing the rope with them. A driver met the set here^ and pulled 
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it with the rope into the landing with his horse. This driver was where 
his work required him. A lad was found near the landing (2). He was 
employed in driving a horse working a pump. He was within a few 
yards of his place of work. At the in-byeside of the doors, on the First 
South way, a trapper boy was found, apparently having been blown a 
short distance from his place of work. At the Second South way end a 
trapper boy was found on the horse level near his door. Between the 
Second and Third South ways, on the main road, a driver was found 
near his horse and tubs. The workmen and boys, 88 in number, at or 
near the face of work in the First, Second, and Third South ways were, 
in most instances, found at their working places. A few had moved a 
short distance, leaving their lamps, the most noticeable of whom were 
three hewers found on the Second South way near the face. At the 
junction of the Headways and Cross-cut haulage roads (11) an offtake 
lad was found at his place of work. At the landing in the Headways 
way (12) two drivers were found, where they might have been in the 
ordinary course of their work. At the first pillar workings, to the left 
of the Headways haulage road (18), five men had moved 80 or 40 yards 
from their working places; and at the second pillar workings (14), three 
men were found at their places of work. Six men were found at the 
fece of the narrow boards, off the Headways way (16), at or near their 
working places. 

The victims outside the field of the explosion were six men from the 
Cross-cut way, who perished from after-damp near the junction of the 
Cross-cut and Headways way while on their road to the shaft. They 
had moved out nearly half-a-mile. Four persons in an adjoining colliery, 
and two ofiicials attempting their rescue, lost their lives by after-damp 
coming through a passage connecting the two mines. 

The conclusion drawn from the indications left by the explosion is, 
that it began in the Pit Narrow Board district, and went into the Head- 
ways district. Thus, the first two stoppings on the right hand side of 
the Cross-cut way (9) could not have been blown on to the haulage road, 
except by a force coming up the Pit Narrow Board; and indications at (10), 
(11), (12), and (13), showed that force had gone into the Headways way. 

As to the exact place in the Pit Narrow Board district at which the 
explosion began, the evidence is somewhat conflicting. At both the First 
and Second South way ends (8) and (5), there were signs that some force 
had come outward, and near the iace of the Second South way, three of the 
hewers had run a short distance out of the working places, leaving their 
lamps, from which it might be inferred they had observed some danger. No 
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unusual fall or disturbance was observed along the goaf edge, where they 
were working, and all the oflBcials were positive in stating, that prior to 
the explosion, no gas had ever been seen in that district. If the explosion 
began here it must have been bj gas firing at one of the safety lamps. 

On the other hand, the doors at the First and Second South way ends 
(3) and (5), had been blown inward towards the face, and all the stop- 
pings in a line with them, from the Pit Narrow Board landing (2) to the 
Second South way end (5), (except those which were rendered immovable 
by stowing), were also blown southward or towards the return and work- 
ing face. The putters* clothing in the First and Second South ways, at (4) 
and (6), was also blown towards the face. This inclines the writers to 
the opinion that the explosion began on the out-byeside of these doors 
and stoppings. 

This limits the part of the mine to be considered to the main intake 
and haulage road lying between the Second South way end^ and a point 
some distance in-bye of the junction of the Cross-cut way with the Pit 
Narrow Board. On this portion of road there were the two trappers at 
the First and Second South way ends, the pump driver at the landing, and 
the driver, 210 yards nearer the shaft, waiting for the engine set. 

The two trappers had Davy safety lamps, and these lamps were tested 
with others after the explosion and found to be perfect. One of the 
trappers had apparently been traversed by great force and blown towards 
the &ce. There did not appear to be any good reason for selecting either 
of these lamps as the point of origin. 

It was not proved what description of light the driver at the pump 
or the driver meeting the engine set carried. They both worked on the 
out-byeside of the caution boards. 

The indications near the landing (2) appeared to show that force had 
passed towards the shaft from here. The driver meeting the engine set 
had been traversed by considerable force, and was mutilated. Ther« was 
nothing to suggest that the explosion had began at his light. 

The Pit Narrow Board engine-landing was on the continuation of 
the road from the shaft, just beyond the horse level, passing to the left. 
Beyond the landing were some drowned workings lying to the dip of it. 
The current of air, ventilating the three South ways in this district, did 
not enter the landing, but passed along the horse level. The landing had 
been ventilated by a scale of air, which, after passing the landing, 
divided and passed through holes in the stoppings in the passages inmie- 
diately below, and on each side of it ; passing over the top of the water 
in both cases. 
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A horse pump was placed in a recess on the leffc side of the landing, 
and was used to pump the water out of the drowned workings, forcing it 
through pipes in the direction of the shaft. If the water was not pumped 
it rose on to the haulage roads. At the time of the explosion this pump 
was in use. 

The writers think it probable that gas had risen into the landing 
from the drowned workings and ignited at the pump boy's light. The 
barometer was unusually low (29-10), which is a condition ftivourable 
to the movement of gas out of 'such places as these drowned workings. 
The lowering of the water by the pump may have liberated gas pent up 
in some part of them, and the issue may have overpowered the feeble 
current in the landing. After the explosion, and when the ventilation 
was restored, gas was found in the return air road, just above these 
drowned workings, and it could be heard bubbling through the water in 
them. 

The mere statement that the explosion began either at this landing, 
or at the fitce of the Pit Narrow Board workings, is in no way sufficient 
to account for the results which ensued. When it is considered that the 
explosion extended with force and flame to parts of the pit more than a 
mile distant from either point, andJEhat in doing so it had been confined 
to the main intake air ways, it apfiSars impossible to attribute its extension 
to an accumulation or sudden outburst of gas at either place. 

The state of the return air roads clearly proved that no blast had 
traversed them, except for a short distance from the working face, where 
the dust in them was principally coal dust, and where coked coal dust 
was observed after the explosion ; while on the intake air roads men and 
horses at different points were burnt, timber was blown out, tubs broken, 
and doors, air crossings, and stoppings, were blown from the intakes 
towards the returns. 

The writers suppose the wave, or movement of air accompanying the 
ignition' of a mixture of fire-damp and air in the landing, had raised a 
cloud of coal dust, and that the flame from the fire-damp had passed into 
this cloud, causing ignition of the coal dust ; the ignition of the coal 
dust thus started became self -propagating, and continued with foi^ce and 
flame over those parts of the pit where a sufficient quantity of coal dust 
existed. 

A remarkable circumstance in this explosion was, that it did not 
extend into the Cross-cut way, and the writera can only account for this 
by stating that this road was damp, and consequently free from coal dust, 
for some distance from its junction with the Headways way. There were 
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• 
two sumpB for collecting the water which accumulated on it, one 50 and 

the other 80 yards from the junction ; the way was raised a little and 
ballasted with cinders which were moist. It will be seen from the plans 
that the direct course for the blast on leaving the Pit Narrow Board was 
into this way, and the air which passed along it was part of the same 
current as went into the Headways way. This appears to show that the 
air going into neither way could have been in an explosive condition, and 
the only fact which appears to account for the blast being deflected into 
the Headwajrs way was, that there it found a sufficiency of fuel in the 
shape of coal dust, while in the Cross-cut way, this fuel was lacking. 

Another wet portion of road, the Third South in the Pit Nan'ow 
Board way, had not been traversed by the explosion. 

The explosion did not extend past the shaft into the workings beyond. 
The shaft was wet, and consequently the roads for some distance on each 
side of it were damp and free from dust. 



TUDHOE COLLIERY EXPLOSION. 

On the I8th April, 1882, at about 1*15 a.m., an explosion resulting 
in the loss of 37 lives took place at Tudhoe Colliery, in the County of 
Durham. Seventy horses and ponies were also killed. One person who 
descended after the explosion lost his life by after-damp. 

The explosion was entirely confined to workings in the Brockwell 
Seam, on one plane, which lies at the shafts, at a depth of 174 yards. 
At a depth of 90 yards the Button, and at a depth of 134 yards the 
Busty Seams, were being worked from the same shafts, but these workings 
were not affected by the explosion, nor were any lives lost in them. 

Three shafts were sunk to the Brockwell Seam. The East Pit, 12^ 
feet diameter, was a downcast shaft, and coal from the plane of the ex- 
plosion was raised up it. The West Pit, 12^ feet diameter, was also a 
downcast shaft, and coal from the plane of the explosion was raised up it. 
These shafts were 58 yards apart. The Success Pit, 13 feet diameter, 
and situated 180 yards from the downcast shafts, was upcast for the whole 
colliery, and was used for no other purpose. The downcast shafts were wet. 

The general inclination of the Brockwell Seam was to the N. E., 
dipping in that direction at the rate of about one inch per yard. 

From the East Pit a haulage road extended in each direction to the 
north and south. That to the south was not affected by the explosion. 
To the right of the road, passing to the north from the East Pit, were 
three main branch roads, called the Shieldfield, Croxdale, and Coldstream 
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ways. From the West Pit a haulage road, with several branches, extended 
in a westerly direction. Two engines near the pits, supplied with steam 
from the sur&ce, hauled the coal from the various landings by means of 
main and tail ropes. 

The ventilation of the whole colliery was caused by a Guibal fan, 40 
feet in diameter, and 12 feet wide. It stood at the top of the upcast 
shaft and exhausted the air. The quantity of air passing through the 
mine amounted to 174,600 cubic feet per minute ; of this quantity 85,000 
cubic feet was from the Brockwell. It was distributed as follows : — 



EAST PIT— Sunderland Bridge way — 








Shieldfleld 


13,275 






Sunderlatid Bridge, Crox- 








dale and Coldstream ... 


9,074 






Scales 


1,549 


23,898 




South side of the shaft— 








PerryhiU and No. 5 


6,237 






Team Valley 


19.404 






Scales 


2,536 


28,177 
















52,076 






WEST PIT- 








AlmaBank 


9,875 






No. 5 


5,852 






No. 6 


13,478 






Scales 


3,728 


32,928 
















32,928 






Total 


85,003 



The main intake and haulage road of the East Pit extended north for 
a distance of 2,035 yards, and that of the West Pit 2,024 yards to the 
west. These, with branch intake and haulage roads, return air ways, and 
working &ces, made up a total length of roadways in use in the district 
of the explosion of more than 22,000 yards. 

The sectional area of the East Pit main intake was 42 square feet, 
and of the West Pit main intake 49 square feet. The branch intakes 
were smaller in sectional area. 

The return air ways varied in sectional area irom 21 to 31^ square 
feet. The whole of the air from any district was seldom confined to one 
return air road. 

The greater part of the working fiswes were occupied by three shifts 
of hewers, the last or night shift returning to the surface about midnight. 
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It was during the interval between the night shift and eai-ly morning, or 
fore shift of hewers, that the explosion took place. The men in the pit 
at the time of the explosion were chiefly repairers and stonemen. 

More than 1,000 tons of coal per day were raised from the plane of 
the explosion. 

The Brockwell Seam is 3 feet 6 inches thick at Tudhoe Colliery. 

The Davy safety lamp was principally used, but some Clanny and 
Stephenson lamps were in use. 

Gunpowder was used in the coal in the whole or first working, but 
not in the pillar workings. It was used in stone work also. 

The Brockwell Seam at Tudhoe did not produce much gas. Fire- 
damp was seen occasionally near the goaf edge. 

The coal was generally dry and dusty, and the greater part of the 
engine haulage roads were dry. 

The workmen of the colliery had, under the 30th General Rule of the 
Goal Mines Act, examined the districts afiected by the explosion on April 
6th, 7th, 11th, 12th, and 13th, and their report was satisfactory. 

The officials of the colliery knew of no unusual source of danger. 
Within two hours of the explosion a shift of deputy overmen had come 
out of the pit fi-om the various districts, and they stated that everything 
was in its usual state when they left the pit. The master-shifter, the 
officer in charge of the pit at the time of the explosion, survived, and 
stated that his examinations of the mine had revealed nothing to lead 
him to suspect an explosion possible. 

Entry was soon effected into the mine after the explosion by the 
East Pit shaft, which was not much damaged. No fires had been caused 
by the explosion, and no unusual difficulties were encountered. The pit 
was rapidly explored, and the last body was brought to the surfece four 
days after that on which the explosion occurred. 

It was found that the explosion had reached the downcast shafts and 
the engine-landings in the Sunderland Bridge way of the East Pit, and 
in the West way of the West Pit, and had extended for some distance 
into all the branch ways. The landings mentioned are about 2,500 
yards apart by the route traversed by the explosion — that is, along the 
main intake air ways. 

The circumstances of this explosion were not so fully investigated by 
the writers as those in the other cases were. The explosion at West 
Stanley occurred the night after that at Tudhoe, and diverted attention 
from the explorations at the latter place. From this and other reasons 
the indications observed were comparatively few. 
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(1) Considerable damage was done to the timber in the East and 
West Pit shafts. Passing from the East Pit along the Sanderland Bridge 
haulage road, at the junction of the travelling way to the West Pit (2), 
a brick wall was blown southward. The timber on the Sunderland 
Bridge road was displaced from the East Pit as far as the second air 
crossing (3). Beyond this point, up to the Shieldfield way end, the 
timber was not disturbed. Here the disturbance recommenced and con- 
tinued up to the landing in the Sunderland Bridge way. Within the 
Shieldfield haulage road a chest, at (4), was blown in-bye, and, at (6), 
tubs had been traversed by force passing in-bye. The air vessel of a 
pump had been forced in-bye near these tubs. The explosion ceased at 
the landing in the Shieldfield way. It had passed up the Croxdale 
and Coldstream haulage roads some distance. 

Returning to the shafts, and starting from the West Pit, the stalls in 
a stable on the right side of the road, at (6), had been blown northward. 
The explosion appeared to have passed between the East and West Pit 
workings by a short travelling road connecting the haulage roads near the 
shafts. In the West Pit, the disturbance, such as displacement of 
timbering, causing heavy falls of roof, and the blowing out of doors and 
stoppings, continued up to the limits shown by broken lines on Plan 2. 
At the West way landing (7), the return wheel of the haulage rope was 
forced in-bye out of its bearings. A door beyond the landing was blown 
in-bye. The explosion had not extended far along old No. 5 way. At 
the junction of No. 6 and new No. 5 haulage roads a balk supporting 
brickwork, at an unused air crossing, was forced in-bye (8). In new 
No. 5 way, at (9), large timbers were blown in-bye. At (10) the chain 
attaching the main rope to a set of tubs was broken. The tubs were 
being drawn in-bye by the tail rope at the time of the explosion, the 
main rope drum running loose on its shaft. It is possible that the 
breaking of this chain was caused by iiEills of stone on the rope further out. 
At (11), in the whin dyke, a sheet of thin iron plate, placed near the 
roof to protect persons passing along from water issuing from the roof, 
was observed to have been blown 21 yards in the direction rf the shall. 
This was near the limit of the explosion in this direction, and was clearly 
caused by a reversed current. There was no one in the workings 
beyond it. All the doors, air crossings, and such stoppings as were 
moved, were blown from the intakes to the returns. No disturbance was 
observed in the return air ways. 

Indications of the presence of flame were almost entirely confined to 
the bodies of the victims of the explosion. 
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Thus men were burnt near the downcast shafts. Men were also burnt 
at the following places : — In the East Pit ; near the Shieldfield way end, 
near the Croxdale way end, near the Coldstream way end, and between 
there and the Sunderland Bridge way landing : in the West Pit ; near 
No. 6 way end, near No. 5 way end, and in No. 6 way, the men in the 
engine set were bamt at (10). 

The explosion caused no fires in the mine. 

At the time of the explosion there were, on the plane of the explo- 
sion, some 60 or 70 men. All to the south of the pits survived, and 
a few men were rescued from the neighbourhood of the shafts, some of 
whom afterwards died. 

There was a fire at a boiler on the plane of the explosion, about 1,000 
yards fi*om the shafts to the south, and not in the field of the explosion. 

All the workmen on the in-byeside of the caution boards had safety 
lamps; some of those on the out-byeside of the caution boards had 
safety lamps and 'some open lights. There were open lights about the 
shafts, and the workmen who, at the time of the explosion, were being 
drawn in-bye in a set of tubs, at (10), had naked lights with them. 

Gunpowder was to be used at two points on the night of the explosion ; 
one of these points was on the main intake, between the shaft and the 
Shieldfield way end. Two men here were blasting down stone in order 
to enlarge a stenton, or passage, between the intake and return air ways. 

Classifying the workmen on the plane of the explosion as before, we 
have : — 

Ist. — Survivors. 

2nd. — ^Victims in the field of the explosion. 

3rd. — ^Victims outside the field of the explosion. 

The survivors stated that they had been under no alarm up to the 
moment of the explosion. The master shifter, or official in charge of the 
pit, was one of them. He had been in the field of the explosion, but, 
being in a cabin, was somewhat protected. He was burnt and rendered 
insensible. At the time of the explosion he was within 100 yards of the 
downcast shafts. An engineman, in an engine house within 20 yards of 
the shafts, was also rendered insensible. 

The victims in the field of the explosion were all found at or near 
where their work required them. There was nothing to suggest that up 
to the moment of the explosion anything had alarmed them. 

The victims engaged at or near the working faces, or at points beyond 
the limits of the explosion, had all moved some distance, bringing their 
lamps with them in most cases ; they had succumbed to after-damp. 

H 
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The observed indications of the direction of the explosion were not 
sufficient to point, at all conclusively, to any particular place as being the 
point of origin ; they are not, however, inconsistent with a point of 
origin which the writers strongly incline to think may be deduced from 
the consideration of ceitain other facts. On a portion of the Sunderland 
Bridge haulage road, between (3) and (4) 100 or 120 yards in length, 
none of the timber, of which there was a considerable quantity, was dis- 
placed ; although the timber was swept out of the road extending from 
each extremity of the undisturbed length for long distances. This 
undisturbed length of road lay in the direct course of the explosion, and 
was the connectiug link between the sections of the pit on each side of it. 
The only other roads at this point were the return air ways, one on 
each side of the intake, and no explosion had passed along either of them. 
There was nothing to explain why an explosion, on arriving at either 
end of this undisturbed portion of road, should have had its violence so 
reduced as to pass it over without blowing out the timbering, and should 
resume its full force at the other end. On the contrary, this length of road 
had been raised above the coal for the convenience of haulage, so that 
there were no stoppings to blow out at the sides and relieve the pressure. 
It appeared more probable that the origin of the explosion lay in this 
undisturbed length, and that in some maimer the force had increased in both 
directions. At the time of the explosion two stonemen were engaged in 
blasting down stone about the centre of the undisturbed length of road. 
They were removing stone above a stenton in which stood a door leading to 
the return air way. They had been passed by the master shifter about 
half-an-hour before the explosion ; they were then drilling a shot-hole at 
right angles to the haulage road and within a few feet of it. After the 
explosion the shot was found to have been fired, and the bodies of the 
stonemen were found about 40 yards from it, nearer the shaft, this being 
a position they might assume in i*elation to the shot after igniting the 
fuse. These facts appear to indicate that the firing of the shot and the 
explosion had been simultaneous. The road where the shot was fired was 
dry and dusty, and there was timber near the shot on which dust might 
rest. On both sides of the shot, and within a few feet of it, was a pack 
wall of loose stones, in the interstices of which coal dust would collect. 
The circumstances present a striking similarity to those observed at 
Seaham and Usworth, viz., the existence of a portion of undamaged road, 
in the centre of which a shot had been fired, the road on each side of the 
undamaged portion having been swept by the blast for long distances. 
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The presnmpticn is that the concussion of the shot had filled the 
air with coal dust, and flame following had ignited the coal dost, which 
carried the explosion to all parts of the pit where there was a snfScient 
amount of dust to support the flame. The place where the shot was 
fired was swept by an air current of more than 20,000 cubic feet per 
minute, direct from the downcast shaft, so that it is highly improbable 
that any gas was present. 

In this explosion there were two cases whei'e the blast was arrested at 
considerable distances from the face on coming to places where the roads 
were damp or wet. One was in the Shieldfield way, where the effects of 
the explosion ceased near the engine-landing, where there was a pump and 
the road was wet. The men in the workings beyond had come out after 
the explosion, and were found dead at the landing ; they had been killed 
by aflier-damp. The other case was in No. 6 way of the West Pit. The 
road from the whin dyke inward was damp, and the effects of the explo- 
sion gradually diminished from that point, until, before the landing was 
reached, they had died away altogether. The shafts were wet and the 
roads near them damp ; the explosion did not extend beyond the shafts. 
No damage was done in the return air ways. 

This explosion, like that at Seaham, was almost entirely confined to 
intake and haulage roads. The two main districts into which it extended 
were ventilated by currents of air coining down separate downcast shafts. 



WEST STANLEY COLLIERY EXPLOSION. 

On the 19th' April, 1882, an explosion occurred, about 1 a.m., at West 
Stanley Colliery, in the County of Durham, causing the death of 13 per- 
sons and 18 horses and ponies. 

The explosion was confined to workings in the Busty Seam, lying at 
a depth of 280 yards at the shafts. In addition to the Busty Seam, 
there were worked, at 78 yards, the Shield Bow Seam ; at 186 yards, the 
Low Main Seam; and at 194 yards, the Hutton Seam. The workings in 
these seams were not affected by the explosion. 

The downcast shaft is 12 feet in diameter ; coal was raised in it from 
the Busty and Hutton Seams. This shaft was wet. The upcast shaft, 
14 feet to the west of the downcast, is 10 feet in diameter; coal was 
raised in it from the Low Main and Shield Row Seams. 
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The Busty Seam lies nearly flat, and is of the following section : — 

Roof — Post. Ft. In. Ft In. 

Top coal 4 

Stone band 7 

Coal 3 14 

Band of sagger clay 2 6 to 3 

Bottom coal 2 6 „ 3 

Thill, grey metal and post — — 

Only the upper 4 feet were worked. 

From the downcast shaft, haulage roads extended north and south ; 
the explosion did not extend to the north of the shaft. A short distance 
south of the shaft a road passed to the west into the principal district of 
the colliery. 

The haulage was all performed by horses and ponies. About 150 tons 
of coal a day were raised from the Busty Seam. 

A Guibal fen, 30 feet in diameter and 10 feet wide, placed at the top 
of the upcast shaft, exhausted the air from the mine. The quantity of 
air circulating in the Busty Seam was 27,600 cubic feet per minute. It 
was distributed as follows : — 



North side of shaft 


.. 


4,050 


South side of shaft- 






South headways 


... 4,632 




West district^ 






East way 


... 6,459 




West „ 


... 4,459 




South Cross-cuts 


... 5,000- 


20,550 






Stables and scales near shafts 


• 


3,000 




27,600 



There were 3,596 yards of intake air way, and 2,619 yards of return 
air way ; the average sectional area of the intakes was 32 square feet and 
of the returns 36 square feet. 

The explosion took place when the pit was occupied by a shift of 
repairers and stonemen. 

Clanny safety lamps were used. Gunpowder was used to a limited 
extent in working the coal, and for stone work. 

The Busty Seam at West Stanley was a fiery seam. The coal was dry 
and very dusty. There was much dust in the workings, as well as on the 
roads over which the coal was led to the shaft. 

The workmen had, under the 30th (Jeneral Rule of the Mines Act, 
last examined the mine in the preceding November, when their report 
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was satisfactory. There had been nothing observed by the officials in 
their examination of the mine, the day before the explosion, to lead 
them to sappose an explosion possible. 

The explosion extended over all the workings, except those to the north 
of the shaft. 

Entry was soon eflfected into the mine after the explosion. No fires 
were cansed by the explosion ; and, as the extent of the workings was 
small, the pit was rapidly explored, and the bodies of the victims 
were all recovered on the day of the explosion. 

At the bottom of the downcast shaft (1) the cage was blown out of 
the gnides, and the guides were broken. The explosion had not crossed 
the shaft; some small disturbance on the north side being dcre to the 
explosion on the other side. Thus, near the shaft on the north side, some 
tubs were moved, but not broken ; a cabin door had one of its planks 
forced in to the cabin ; an air crossing 90 yards from the shaft, formed of 
wood, was slightly raised. No timber was blown out here. 

At (2), a wood air crossing was blown up. Iron sUvers from this 
crossing were blown 10 yards out-bye. At (8), two quadrants and weights, 
from switches at a siding, were both blown 15 yards out-bye. At (4), 
timber in "hole and driving end" was blown out-bye. At (5), portions 
of doors appeared to have been blown in opposite directions. At (6), an 
unused man door, said to have been lying on the out-byeside of an air 
crossing before the explosion, was found lying on the in-byeside of it. 
At (7;, bricks from a door setting, door stanchions, and door bands were 
blown eastward, or towards the face. At (8), a door was blown west- 
ward. At (9), tubs had been traversed by force passing inwai-d. At 
(10), a kibble, or light tub, with its tram, was blown in-bye. Stoppings 
and doors were blown as shown by arrow heads on Plan 2. There were 
some heavy falls on the haulage roads, caused by timber being blown out. 

The evidences of flame were abundant. All the men who were 
killed were either burnt or slightly singed. Near the working faces, 
in the return air ways, and in the unused passages, much coked coal dust 
was observed. On the main haulage roads, where the force had been 
greatest, no coked dust was observed. Near the face of the South Cross- 
cuts a tin water bottle stood upright, and was found to be about half 
full of water, and it was observed that the solder above the water had 
been melted by the heat. 

There were on the plane of the explosion 18 persons, five of whom 
survived. The survivors were four men and a boy from the north side 
oV the shaft. There were no fires on the plane of the explosion, and no 
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naked lights, except, possibly, at the bottom x)f the downcast shaft. Each 
of the workmen had a safety lamp. Shots were to be fired in the face of 
both the South Cross-cuts to blast down a depression in the roof stone 
called a "roll" 

The workmen on the plane of the explosion may all be included in 
two of the divisions already used — Ist, the survivors ; 2nd, victims in the 
field of the explosion. The survivors, workmen on the north side of 
the shaft, had been under no alarm up to the moment of the explosion. 

Of the victims five were at the bottom of the downcast shaft, which, 
in the ordinary course of their work, they were about to ascend. Two 
were in the South way, and were found near their place of work. The 
remainder of the victims comprised two shifters, or repairers, at the East 
flat, who were found within a short distance of their place of work, and 
four stonemen, working at the face of the South Cross-cuts, also found a 
short distance from their working places. The position in which these 
men and their lamps were found will be more fully described. 

As the indications (2), (3), and (4) clearly showed that the explosion 
had come out from the district to the west, the possible places where the 
explosion might have originated are limited to two — one being in the 
East way, where the two shifters were working at the face of the wagon- 
way board ; and the other in the South Cross-cuts, where four stonemen 
were engaged in blasting down stone at the face. 

All these men were using Clanny safety lamps, which, after the explo- 
sion, were tested in a stationary mixture of lighting gas and air, and did 
not pass the flame. , 

The two shifters w^ere found about 30 yards from the face of the 
board in which they were working. They were lying one over the other, 
beside a tub, against which they appeared to have fallen, "while running 
out. One of their lamps was found about 6 yards from the face. The 
other lamp was about 4 feet from the face, under a stone which had fallen 
from the roof, the lamp being uninjured except that the poles were slightly 
bent. There was also a prop under the stone, which had probably been 
supporting it before it fell. The stone had fallen away at a trouble or 
dislocation of the strata, which crossed the board close to the face. It 
appeared to have fallen after the explosion, for although the lamp found 
under, it was buried in dust ; the upper side of the stone was clean, and 
not dusted, as it would have been had it fallen prior to, or at the time of 
the explosion. The brattice was disarranged, and there was gas near the 
face. The board appeared to be uneasy and was heaving: it was 
approaching disturbed ground, intei'sected with troubles. The movement 
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of the strata in the board continued for several days after the explosion, 
and the fall in the face extended up the leader of the trouble as far 
as could be seen. There was always gas in this cavity, and gas could be 
heard issuing from the floor near the face. 

The bodies of the stonemen working in the South Cross-cuts were 
found at the places shown on Plan 3. The men had been engaged in blast- 
ing down a " roll" of stone, which had appeared in the face of both Cross- 
cuts. Westgax'th and Riley working at the face of the fore Cross-cut, and 
Hutchinson and Douglas at the &ce of the back Cross-cut. 

Westgarth was foimd about 60 yards from the face of the fore Cross- 
cut, lying on his face, clean, and so sUghtly burnt that the burning was 
not observed in the pit. He had evidently been overcome by the after- 
damp, while running out. Riley was about 30 yards from the face, clean 
and unbumt, except that his hair was slightly singed. He also had 
been overcome by after-damp. The lamps of these men were found clean 
and uninjured, standing upright on the floor at the face of the fore Gross- 
cut. Riley's lamp was locked. Westgarth's lamp was unlocked,. but not 
open. A shot here was stenmied and ready to fire, a straw full of gun- 
powder projecting from it. 

Douglas was found in the fore Cross-cut, black and burnt, between 
Riley and Westgarth. Hutchinson was found in the stenton, or passage 
between the Cross-cuts, black and burnt. Douglas's lamp was just within 
the stenton off the fore Cross-cut, about 15 yards from its owner. It was 
unlocked but not open, and was saturated with oil and covered with coal 
dust slightly coked. Hutchinson's lamp was in his hand ; it was covered 
with oil and coal dust, and some coked coal dust was on it. It was 
unlocked, but screwed together. 

In the feoe of the back Cross-cut was lying the result of a shot or 
shots — stone shot down and not removed. On these stones there was a 
cracket or wooden stool. A pick was observed within a few yards of the 



The canvas brattice in the fore Cross-cut was standing, and was 
charred to a cinder opposite the stenton, as if by a volume of flame 
coming out of the stenton. The brattice in both Cross-cuts was dis- 
arranged, and there was gas next the &ce, when first reached after the 
explosion. 

Westgarth and Hutchinson were authorised to unlock their lamps for 
the firing of shots. 

A consideration of these observations leads the writers to the con- 
clusion that, at the time of the explosion, Westgarth and Riley had been 
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in the face of the fore Cross-cut (where their lamps were found) preparing 
to fire a shot. Being in a cul de sac they would be preserved from the 
passage of the blast over them, ^nd the appearance of their bodies and 
lamps, clean and almost unburut, confirms this view. Douglas and 
Hutchinson would appear to have been in the stenton or passage between 
the Cross-cuts, where Douglas's lamp was found, and also Hutchinson him- 
self with his lamp in his hand. The bodies and lamps of both these men 
had evidently been travei'sed by the blast, which would be the case if they 
were in the stenton. The positions assigned to Douglas and Hutchinson 
were such as they would naturally have taken while awaiting the explosion 
of a shot. 

The finding of the cracket or stool on the stones blown down would 
appear to negative the idea that a shot was the cause of the explosion, 
but from a consideration of all the circumstances the writers conclude 
that it was. Many cases were observed in some of the other explosions 
where bodies, much heavier than this cracket, were blown in the direction 
opposite to that of the explosion ; and it is possible that the stone on 
which it was lying was brought down by a previous shot. 

It was difficult to reconcile the way in which the door at the East flat (7) 
was blown, as well as all the stoppings along the east side of the North 
Cross-cut haulage road, with the supposition that the explosion began 
where the shifters were working. There was no means of ignition there 
save their lamps ; and to conclude that the explosion began there, it is 
necessary to assume that there had been a sudden outburst of gas, which 
fired by impinging on the lamps with a velocity greater than they could 
withstand. 

On the other hand, all the indications of the direction of the explosion 
(except the cracket) agree with the idea that it originated in the South 
Cross-cuts, and all the conditions necessary for its ignition were present 
there. The air in the back Cross-cut would contain a small proportion 
of fire-damp, as the place itself, and the workings through which the air 
had previously passed, were giving off gas somewhat freely ; it is not 
necessary to suppose that it was present in such quantity as to be detected, 
and the fact that a lamp would have to be opened to fire a shot renders 
this very improbable. A mixture of fire-damp and air, where the propor- 
tion of fire-damp is too small to be detected on the fiame of the lamp, is 
known to become inflammable when coal dust is also present. There 
was much coal dust in this place, and possibly some in the stemming 
of the shot. 

In this explosion, all the roadways and open passages in the west and 
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south districts appeared to have been filled with flame, with the exception 
of the return air road from the west district. In all these roads and 
passages there was much coal dust, but in the return air way from the 
west district there was a collection of water where it joined the workings. 
Connecting the west and south districts, there were, for a distance of 
about 260 yards, only two roads, an intake and a return. They were 
both nearly straight and of about equal area. In extending from the 
west to the south district, the explosion had been confined to the 
intake air road. The water appeared to have arrested it in the return. 

The explosion was arrested at the downcast shaft. The shall was 
wet, and consequently the roads for some distance, on each side of it, 
were damp and free from dust. 



WHITEHAVEN COLLIEKY EXPLOSION. 

At 11*15 p.m., on the 25th April, 1882, an explosion of fire-damp and 
air occurred in the Whitehaven Colliery, in the .Coufttj^f Cumberland. 

The explosion was entirely confined to a limited extent of workings 
in the main baud or seam lying under the sea, and nearly 8 miles in a 
north-westerly direction fi*om the shafts, which are situated near the 
town of Whitehaven, and close to the sea shore. 

The Flan shows the workings affected by the explosion on a scale of 
64 yards to an inch, and a plan on the same scale as the other plans, or 8 
chains to an inch, is added for the sake of comparison. A section along 
the centre line of the stone drift, on a scale of 40 yards to an inch, is 
given. 

The area affected by this explosion was so limited that it is unneces- 
sary to show the whole of the workings, which were extensive. 

It will be seen that a dip or downthrow trouble, of 82 yards throw, 
had been met with ; the place A had been driven across the leader or 
fissure of the trouble into the beds on the other side, and a borehole from 
the floor of this place proved the seam lying below. A stone drift had 
been driven, dipping 1 in 6, and cutting the seam at B. The length of 
this drift, which is shown by dotted lines, was 208 yards, and it was 8 
feet 6 inches high by 7 feet wide. It was arched with brickwork for a 
distance of 56 yards from the leader of the trouble in the direction of the 
shaft. 

When the coal was first reached by the stone drift, gas burst out in 
such quantity that operations had to be suspended for some months. On 
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resnmiDg, the place C was driven in the coal at right angles to the 
direction of the drift, and a farther passage, D, was driven back to 
the trouble in the coal ; a staple, or slope drift, E, was sank 32 yards on 
the leader, forming a double connection with the coal below the trouble 
and with the workings above. 

While the winning of the coal below the trouble was being effected, a 
current of air was maintained next the face by means of bratticing, shown 
by a red line ; in the stone drift, up to the point F, a brick brattice, 
4 1 inches thick, strengthened at intervals of about 5 feet by 9 inches 
of brickwork, was built the full height of the drift, and about 3 feet from 
oue side; beyond the point F, wood brattice plastered with lime was 
used. The height of the places driven in the coal was 4 feet 6 inches, 
and their width 10 feet. 

The air which returned up the drift on the lesser side of the brattice 
ascended a short staple about 6 feet deep at H into the level of the coal 
above the trouble. The direction in which the air passed in the workings 
above the trouble is shown by feathered arrows. 

While the work in connection with securing two roads down the 
trouble was being earned out gas issued in large quantity from the coal 
and from the floor. As an extra precaution, only Stephenson safety 
lamps were allowed beyond the foot of the stone drift ; the Davy safety 
lamp being in general use in the colliery. The Stephenson safety, lamp 
is extinguished by explosive mixtures of fire-damp aud air. 

About two months before the explosion a fell of stone took place in 
the return staple up the leader at E, and this place eventually closed 
entirely, and ventilation by means of the brattice had again to be 
resorted to. Attempts were made to reach this staple in order to re-open 
it, but these efforts were frustrated by the quantity of fire-damp, which 
was more than the current of air available could sweep away. 

After the closing of the staple up the leader the air was conducted by 
bratticing to the face of the place G, then back to the trouble, it then 
passed along the other side of the brattice to the little staple at H. 

Before the explosion, gas was frequently seen on the lamp at the face 
of the place G. It was known to be present in the place D, and four days 
before the explosion it was seen on the lamp on the intake side of the 
brattice, 15 yards from the place C, in the direction of the staple up the 
leader. The return side of the brattice could not be travelled owing to 
the presence of gas. Three or four days before the explosion, the state of 
the air at the top of the little staple at H was examined and found to be 
nearly explosive. 



Digitized by 



Google 



«7 

A current of about 10^800 cubic feet per minute passed down the drift 
at the time of the explosion. 

There was no coal dust on the roads where this explosion took place ; 
all the surroundings were damp — the coal being worked was^wet. 

This is the most considerable explosion of fire-damp and air that the 
writers are acquainted with. They have personally investigated, during 
the last twelve years, almost all the explosions occurring in the North of 
England, and they cannot point to a case where there was direct evidence 
of so large a quantity of fire-damp and air exploding. 

Pairs of wooden doors at (1), (2), and (3) were blown out in the 
direction shown by aiTows. The framework of brick and stone in which 
these doors were set was not moved. It was thicker masonry than is 
common— rabout 1 foot 6 inches thick. Stoppings 2 feet thick at (4), 
(5), and (6) were blown down in the direction of arrow. The brick 
brattice, in the stone drift, was blown over in patches from the return 
side to the intake side, as shown by arrows An iron pipe in the drift 
was broken, but this was probably caused by bricks falling on it. Most 
of the wood brattice was blown down. Two or three props near the top 
of the staple H, at the end of the brattice in the drift, were blown down. 
No other timbering was displaced. There was an ordinary amount of it 
required. Some tubs at the top of the stone drift were moved, but not 
broken. A light wood stopping, having an area of 9 feet by 5 feet was 
forced over 1,700 yards away; and a man in a cabin, some distance 
further, noticed two doors leading from it shake at the time of the 
explosion. The explosion did not extend into the return air way beyond 
the top of the little staple at H. 

The only evidence of flame was that of burning on the bodies of the 
victims, and the evidence of a survivor. The writers did not see the 
bodies of the men, but it appeared from those who had examined them, 
that they were not much burnt. 

There were in the district of the explosion seven pei'sons, each of whom 
had a safety lamp ; there was no other source of ignition of the gas ; no 
gunpowder was being used. 

The survivors were three, a man working at a pump at E ; he was 
knocked down by the force of the explosion, but was not burnt, and saw 
no flame. His lamp, hanging to a prop near him, was extinguished. He 
passed out towards the shaft in the dark, leaving his lamp. A driver at 
the landing near the top of the drift at M escaped. One of the workmen 
down the drift, engaged at the face of the place G, succeeded in reaching 
the top of the drift. 
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The men who lost their lives were three pumpers, who were working 
at the pump near the bottom of the stone drift at 0, and one of the 
hewers from the place G. The lamp of one of the hewers was found at 
L', and that of the other hewer at L" ; the lamps of the pumpers lay 
on the floor between their bodies and place of work. The bodies of the 
victims were foimd near the top of the drift at the points marked X on 
the plan. 

From the position in which the lamps were found it appeared that all 
the men in the drift had been under some alarm before the explosion^ and 
this was confirmed by evidence of the survivor fix)m the place G. This 
man stated that when he and his partner were preparing to commence 
work at 6, he saw " flame lifting at the face of the coal." They immedi- 
ately seized their lamps and hurried out, but were struck down by the 
explosion when in the place C. The pumpers would also appear to have 
been alarmed, and to have been retreating before the explosion took place. 

It appeared probable that either the issue of gas had so increased, 
or the quantity of air entering the drift had so diminished that the air 
passing over the workmen had become explosive, and this alarmed them, 
then while endeavouring to escape the gas had been ignited at one of their 
lamps, and the explosion resulted. 

The account of the survivor from the place 6 rather pointed to the 
gas being inflamed at the face of the place G before he and his partner 
left it. When he spoke of " flame lifting at the face of the coal," he said 
this was not near his lamp, but some distance from it. When workmen 
observe gas on their lamps they often say the flame ** lifted," or elongated ; 
and this is probably what the survivor saw in the place G. In passing 
out through an explosive mixture ignition had taken place at one of the 
lamps. The glasses of the Stephenson lamps of the two hewers were 
broken, but the gauzes were not injured ; they were cleaned and fresh 
glasses put in. On being tested in an explosive mixture one of them 
passed the flame. The person who cleaned them stated he must, by some 
mistake, have exchanged the gauzes ; and on changing the gauzes it was 
found both the lamps were perfect. This suggests the possibility of the 
person who cleaned the lamps not having changed the gauzes, but that, 
before the explosion, they may have been so changed, and so the defec- 
tive lamp passed the flame. 

If we assume that all the workings in the coal, from the foot of the 
stone drift, were filled with an explosive mixture, we have 18,500 cubic 
feet of such mixture, and if we add the space behind the brattice in the 
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stone drift we have a further quantity of 14,800 cubic feet, or a total 
space possibly filled with explosive mixture of 32,800 cubic feet. 

There was good reason to suppose that a quantity approaching this 
did explode. The air was conducted to the fiice at G, and back to the 
staple or slope drift at E, and the conditions appeared to be favourable 
for securing the mixture of such gas and air as there was present. The fact 
of the brattice in the stone drift being blown over on to the intake side 
pointed to flame having extended along the return side of the brattice for 
its whole length. 



USWORTH COLLIERY EXPLOSION. 

On the 2nd March, 1885, an explosion occurred at Usworth Colliery, 
in the County of Durham, causing the death of 42 men and boys and 62 
horses and ponies. Two of the 42 lives lost were those of officials, who 
descended after the explosion and perished from after-damp in the return 
air road. 

The explosion was entirely confined to one plane lying at the shafts at 
a depth of 820 yards, the Low Main Seam being cut by the shafts at that 
depth. No workings were being prosecuted in the Low Main Seam on 
the plane of the explosion, but haulage and air roads, driven in or near it, 
were used in connection with extensive workings in the Maudlin Seam, 
passing from the former into the latter seam through troubles 200 yards 
to the east of the shafts, where the two seams were thrown nearly level. 

At the depth of 340 yards at the shafts, workings were extensively 
carried on in the Low Main, Hutton, and Maudlin Seams, but no lives 
wei'e lost on this plane. 

There were three shafts, two downcasts and one upcast. One down- 
cast shaft, 10 feet 9 inches in diameter, was sunk to the lower level at 
340 yards. It was divided into two parts by a 3-inch wood brattice, on 
one side of which coal was raised from the lower level, and on the other 
side from the plane of the explosion. This shaft was wet. The other 
downcast shaft was sunk only to the level of the explosion, and was a few 
yards to the south of the coal-drawing shaft ; it was 6 feet in diameter, 
and was wet. This shaft was not used for raising coal. Pipes connecting 
an air-compressing engine on the surface with two hauling engines on the 
plane of the explosion, were placed in this shaft. The upcast shaft for 
the whole colliery was sunk to the level of the explosion only ; it was 
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100 yards to the west of the C50al-drawing shaft, and was 12 feet in 
diameter. It was osed solely as an npcast. In the vicinity of the shafts 
were three staples from the plane of the explosion to the lower level ; one 
was a downcast, and was provided with ladders forming a travelling way 
for men ; the other two were npcast or return air staples, and one of them 
was provided with ladders. 

The ventilation of the colliery was efiPected by a Guibal fen, placed at 
the top of the upcast shaft ; it was 45 feet in diameter and 12 feet wide, 
and was running at its ordinary speed at the time of the explosion. 

The general inclination of the Maudlin Seam was eastward, and at 
some points the dip was considerable, and this dip of the seam was added 
to by the dislocations passed through being down-throws to the east. The 
face of the workings to the extreme east was about 160 yards below the 
plane of the explosion at the shafts; and as the surface at these two points 
was nearly on the same level, the face of these workings lay at a depth of 
about 480 yards. The average inclination in-bye on the main haulage 
road was about 1*9 inches per yard. 

From the downcast shaft only one haulage road extended into the dis- 
trict of the explosion. This road, up to the point where it passed into 
the Maudlin Seam on the east side of the trouble, was above the level of 
the workings in the Low Main Seam, part of which are shown on Plan 1. 
From the main haulage road, at 800 yards from the shaft, were branch 
ways to the south and west. That to the south, known as Barmston way, 
was abandoned ; that to the west was called Lawson's way. At 1,740, 
2,030, and 2,350 yards from the shaft were branch roads to the north, 
known respectively as the Middle North, Low North, and Hitch North 
ways, and at 2,870 yards from the shaft was a branch road to the south- 
east known as the Cross-cut way. 

Tlie haulage was effected by a steam engine near the shafts, and by 
two compressed air engines, one on the main road near the Middle North, 
and the other on the main road near the Hitch North. A tail rope was 
required in connection with the steam engine as far as the Lawson's way 
landing ; beyond this point the empty tubs ran by gravity to the different 
landings, taking the main rope with them. 

The sectional area of the intake and return air roads was of average 
size, the intakes being about 40 square feet area, and the returns from 
30 to 40 square feet. 

The quantity of air passing into the MaudUn Seam on the plane of 
the explosion was about 33,700 cubic feet per minute. It was distributed 
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approximately as follows. Actual measarement was only made at one 

point on the main road, a short distance in-bye of the boOers to the east 

of the shafts : — 

Boilers near shaft 

Lawsou's way 

Barmston Old way 

Middle North haulage road 

Low do. do. 

Hitch do. do. 

Do. do. airway 

Narrow hoards ... 

Cross-cut 

It will be seen that the current was divided into two main splits at 
the junction of the Hitch North air way with the Narrow Board haulage 
road. One current, assisted by scales on the various branch haulage 
roads, ventilated all the pillar workings to the north of the main haulage 
road ; the other, assisted by similar scales, ventilated the whole workings. 
Part of these two currents, after meeting in the return air road near the 
air crossing, out-bye from the Middle North, passed over the. next air 
crossing, and meeting the scale from Barmston abandoned way, and that 
on Lawson's way haulage road, ventilated the Lawson's district. This 
air current passed under the main intake at a natural crossing near the 
troubles, and rejoined the main return air, the whole ascending a staple 
at the troubles to the east of the shafts, and passing to the upcast shaft, 
crossed the main intake again by a natural crossing near the shafts on its 
way there. 

Gunpowder was not used in working the coal, and only occasionally 
in stone work. 

The Maudlin Seam at Usworth was a moderately fiery seam. Gas 
was seen in the whole or first workings, and occasionally at the goaf 
edges ; it was not seen on the intake air roads. 

The coal was dry and dusty, and the roadways were, with exceptions 
to be noted, dry and dusty. 

The barometer, at the time of the explosion, was standing at 29-90 
inches. 

The workmen of the colliery had, under General Rule 30 of the Coal 
Mines Act, last examined the workings of the district of the explosion in 
July of the year preceding the explosion, and their report was satisfiactory, 
no gas being mentioned as observed. 

The oflRcials of the colliery, during their examination of the mine on 
the day of the explosion, had discovered no unusual source of danger. 
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The working faces of the district of the explosion were occupied by 

three shifts of hewers : — 

The fore-shift commenced to descend at 4 a.m., and ascended at 11 a.m. 
,t back-shift „ ,, 10 a.m., „ * 5 p.m. 

„ night-shift „ „ 9 p.m., ,, 4 a.m. 

From 6 p.m. to 1 a.m. the pit was occupied by a shift of repairers, 
stonemen, and a few hewers ; the explosion took place when these men only 
were in the pit : the night-shift hewers were on the surface and on the 
point of descending. Had the explosion occurred after these men had 
descended, the loss of life would have been much greater than it was. 

About 600 tons of coal per day was raised from the plane of the 
explosion. 

The Maudlin Seam in the district of the explosion has the following 
section : — 

Shale Roof. 

Ft. 
Coal 2 



SpUnt ... 
Coal ... 
Rand ... 
Bottom Coal 



Inferior fire 



In. 
6 

3* 
8 

1 
7 



clay floor. 



The part down to the 1 foot 8-inch coal only is worked, the band and 
bottom coal was taken up to make height on all the horse roads. 

Clanny, T>qxj, and Stephenson safety lamps were used. 

Damage done to the coal-drawing shaft near the plane of the explosion 
prevented access to the mine for some time by this shaft, but explorers 
descended within an hour or two by means of a kibble in the smaller 
downcast. A large fall near the shafts barred further progress for more 
than a day ; an attempt to reach the workings beyond the fall by the 
return air way, which was quite open, resulted in the loss of two lives by 
aflber-damp. A passage over the fall having been opened, exploration was 
carried on until the Middle North way was reached, when the passage over 
the fall near the shafts appeared likely to close, owing to further move- 
ment of the stone, and operations were suspended in-bye of this place 
until it was made secure. This was done on the 7th March, and a party 
of explorers passed in-bye to the point which had been previously reached, 
and found the intake ftill of smoke. This, indicating a fire somewhere 
ahead, caused the withdrawal of the explorers and the erection of a stop- 
ping in the intake, at a point marked A on Plan 1, where only two roads 
existed, as shown on the plan. A stopping was shortly afterwards erected 
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in the return air road as well. About the 13th March the stopping in 
the intake was removed, and by bratticing this road the explorers pro- 
ceeded to the Middle North way and recovered the bodies there. 
Operations were then resumed on the main road ; but a rapid rise of 
temperature, as the explorers went on, led to a second withdrawal of the 
workmen, and the building, in the intake, of a stopping, at the point B, 
on Plan 1. Exploration was then continued by means of a travelling 
way between the Middle and Low North haulage roads, until the latter 
road was reached, and the main intake near it examined and found cool 
and free from any appearance of fire; a stopping was then built at the 
point C, Plan 1, and side stoppings erected in all the places leading from 
the main intake, between B and C, isolated the fire. Exploration was 
then carried on without any further interruption except that arising from 
the large falls of roof, and the last body was brought to the surface on 
the 16 th April. 

The following indications of the force and direction of the explosion 
were observed. The numbers on Plan 2, and on the illustrations in 
the text, refer to the same observations. Want of space has prevented 
the marking of some of the observations, shown on the sketches, on 
Plan 2 :— 

(1) The wood brattice and cage 
guides, in the downcast and coal 
drawing shaft, were broken and \ 1 11 

disarranged for 10 yards above the *\ lT 

plane of explosion. Some damage J^^~^ 

was done in this shaft for about 

the same distance below the plane 

of explosion. At the moment of 

the explosion some men in the cage 

at the surface, who were about to ^ 

descend the shaft, observed a heavy gust of air laden with dust ascend the 

pit. Lights near the pit top were extinguished. A man working in the 

Button Seam level, 20 yards below the plane of explosion, and within 9 

yards of the shaft, was blown over but not seriously injured. No damage 

was observed in the Hutton Seam level. 

At (2) tubs laden with coal were blown past the drawing shaft about 
10 yards. At (d) timber was blown out or knocked out by tubs striking 
it and thus caused a fall of stone. At (4) a stopping above the flue 
from a multitubular boiler was blown out towards the return. The coal 
next this flue was found to be on fire after the explosion. The fire had 
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been burning for some time before the explosion, and did not appear fco 
have been caused by the explosion or have any connection with it. The 
boiler was not injured. The gauge glass was not broken. A paraffin 
lamp hanging against the wall at the fire hole end was not disturbed and 
a glass globe on it was not bi-oken. About 150 yards from the downcast 
and drawing shaft, and in an abandoned way, were two regulating doors, 
shown on PJan 1. The door nearest the shaft was blown down but not 
broken ; the second door, within a few yards of the other, was not moved. 

The force of the explosion appears to have died out within a few 
yards of the shaft. Between the shaft and the door blown down, was a 
pile of loose timber undisturbed, and timber set in the road was not 
moved. 

The props between the shaft and the door blown down 
were coated with dust on the in-byeside, or side opposite to ^^^^ 
the direction of the blast, thus — \y * 

An arched road, as shown on sketch, connected the two 
pits and was about 40 yards long. Two men were preparing 
to sink the smaller downcast shaft to a lower level ; they were near the 
bottom of it at the time of the explosion and were the only survivors on the 
plane of the explosion. They were knocked about by the force of the bla«t, 
but were not seriously injured, and had no bones broken. One of these 
men had an eye injured by rubbish or dust being blown against it, and he 
was marked about his face by coal dust. They had placed in the shaft, or 
at one side of it, a few planks to keep the shaft water off them while at 
work ; these planks were blown down, but no damage was done to the 
shaft. At (5) the doors in a road leading from the smaller downcast pit 
to the upcast pit were blown out, and in the direction of the upcast : a 
large quantity of coal dust was blown into the return, but no disturbance 
was observed through these doors. The timber supporting the roof was 
not moved. The props were coated with dust on the side opposite to the 
direction of the blast. The upcast pit was not affected by the explosion. 
A gust of air had ascended it and blown open two doors on the surface 
leading into the Fan drid ; one had closed again, the other was found 
open. At (6) the brickwork and door of a loose box, in which a pony 
stood, was blown inwards. The pony was not injured, and was the only 
surviving pony on the plane of the explosion. At (7) a large balk of 
timber, about 12 inches square and 12 feet long, was supporting the roof, 
and rested, before the explosion, on masonry at one end and on a prop at 
the other. The prop was blown out and the balk was blown on the fulcrum 
of its supported end against the next balk, and in the direction of the 



Digitized by 



Google 



75 



At (8) a number of 
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shaft, indenting the balk where it had struck it, 
^ptj tubs standing in the empty way near 
the shaft had their ends furthest from the 
shaft bent towai-ds the shaft. 

(9) A haulage engine and tw(^ multitubular boilers stood here. The 
smoke box door of the boiler nearest the shaft at A was forced against the 
tubes. The safety valve was nearly torn off. 
The steam pipe, at its junction with the 
steam dome, was broken, and the gauge 
glass was broken. 

The brickwork, forming the side of the 
boiler house at B, was forced, as shown by 
arrow. The gauge glass of the other boiler 
was broken. The smoke from these boilers 
passed along a flue under three man-doors. 
These doors were blown into the return, 
and the damper of the boiler flue was blown 
about 80 yards to the return. Timber set in the return, a few yards 
from the doors, was not disturbed. It was coated with dust on the side 
opposite to the direction of the blast. 

After passing the haulage engine, going in-bye, the main haulage road 
was much blocked by fallen stone, the falls extending as far as the 
trcftibles shown on Plan 1. These falls, as weU as others, were caused 
by the force of the explosion blowing out the timber supporting the 
roof stone, which fell in consequence. Near the troubles the road was 
completely closed, and no passage was available until two days after the 
explosion. A balk at (10) let into the sides of the road, and not 
blown down, showed that force had been exerted on it towards the shaft. 

Passing in-bye from the troubles the road was, for a considerable 
distance, little obstructed by falls of stone ; top coal had been left next 
the roof stone There was little timbering in. 

At (1 1) were two man-doors in a passage leading from the intake to the 
return. These doors were, with bricks 
and a quantity of coal dust, blown 
to the return. At (a) was a door crook, 
and at (^) a door crook and bricks. In 
the direction A, the dust was deposited 
on the sides of things opposite to the 
direction of the blast ; in the direction 
B, the dust was on the sides of things 
in the direction of the blast. 
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With one exception, to be noted hereafter, in aU olieerved cases, force 
had been exerted on the stoppings from the intake and haalage roads to 
the return or working face. Many of the stoppings were stowed with 
stones on the retarn side and were not blown out bat were pushed over 
next the top ; others, of a lighter na<mre and not stowed behind, were 
blown out and to the return. 

Near (12) a phenomenon was observed that appeared to indicate force 
coming on to the intake from the side, and also force having a direction 
in-bye ; the stoppings on the left side going in-bye were set close to the 

intake as at A ; on the right side they 
were set back some yards, as at B, and 
the space between them and the intake 
used as a deposit hole for dust and rub- 
bish. This dust and rubbish was, in 
some cases, strewn in-bye, as shown. 
There could be no doubt that the force 
of the explosion travelled out-bye past 
these points, as shown by arrow. Air would be forced into these places 
against the stoppings, and the recoil would appear to have brought out 
some dust and rubbish, and from the direction in which it was strewn, 
the air would appear to have reversed. 

(13) A set of empty coal tubs was standing here and they afforded 
unmistakable evidence of having been traversed by a force passmg out- 
bye. These tubs were connected by a main-and-tail rope with the haulage 
engine near the shaft ; the tail rope prevented the tubs being forced to 
the shaft, and the upper parts of the tubs furthest from the shaft and 
those first struck by the explosion, were broken off from the trams or 
lower parts and carried some yards in the direction of the shaft, leaving 
the lower parts in connection with the tail rope. A compressed air re- 
ceiver stood near these tubs. The air pipe from its in-bye end was 

broken right across close to the 
receiver. The flat ends of the 
air receiver were dusty, and 
there was most dust on the out- 
bye end, or end opposite to the 
direction of the blast. At (14) 
and (15) props supporting tail 
rope sheaves were broken and 
bent to the shaft. 

(16) Here was a curve in 
the main haulage road, on one 
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Bide of which had been skating deals, shown by dotted line, against which 
the tub sides pressed while passing round the carve. These deals were 
blown out-bye. The horee road into the Lawson's district left the engine 
plane here. Doors at (17) on this road were blown towards the face, and 
some timber was displaced, causing a fall of stone. The explosion had 
nob passed far up this road. At (18) were two regulating doors in an 
abandoned way, known as the Barmston way. These doors were blown 
down, as shown by aiTow. 

(19) A brick arch air crossing stood here, and was blown out. It 
will be observed that the return air crosses the intake at two points 
nearer the shaft. Both these crossings were natural crossings, and were 
not affected by the explosion. 

(20) Here a prop under a running balk, or 
balk set parallel to the side of road, showed 
out-bye force. 

(21) A brick arch air crossing stood here, ScaU8Feet>d£u^. 
and was blown out, and coal dust was blown towards the return. 

(22) Short props, or punch props, set under one end 
of balks, and resting on ledges in the stone, were forced 
out-bye. 

(23) A brick arch air crossing here was blown out. 
The main haulage road was, from (16), passing in-bye, 
much blocked with fallen stone as far as {'dT). The rapper handle, near 
the Middle North way end, was found 29 yards out-bye from the place 
where it was fixed; but this may have been caused by force applied to 
the rapper wire at some dis- 
tance from it. 

(24) The Middle North 
horse road left the main road 
here. 

A set of eleven full tubs 
and an empty water tub stood 
here, as shown in sketch, and 
afforded indications of having 
been struck by a force pass- OnDJUnnnDIIinDC 

ing out -bye and into the Scal&24Feetr2lTi6fu 

Middle North. Commencing nearest the shaft :— The out-bye end of 1st 
tub was bent out-bye. The 2nd tub was not damaged. The 8rd tub 
was in such a position that its in-bye end was exposed to a force 
coming firom in-bye on the main road; this end was forced out-bye. 
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The ont-bye end of the 4th tub was slightlj bent in-bye, as though 
a division of force had taken place between it and the 8rd tub. The 
5th, 6th, 7th, and 8th tabs were not damaged. The 9th tub was 
an empty water tnb, the iron frame round the top and part of the 
woodwork were torn oflF, and were found lying on the 7th tub. The 
position of this detached portion indicated force passing out-bye from 
the Middle North, but the way in which it was bent indicated force 
passing into the Middle North. It had apparently been moved before 
being observed. The road into the Middle North lay past these tubs, 
and the detached portion of the water tub, if lying on the road, may 
have been carried back by workmen and put to one side. The 10th 
and 11th tubs were not damaged. The 12th tub had the top part 
of its in -bye end blown in-bye and into the Middle North. Past 
these tubs, and going into the Middle North, was a heavy fall of stone, 
which extended into the stables occupying the side of the Middle North 
haulage road. The explosion did not pass these stables. On the main 
haulage road, at (25), some sacks of hay were observed. These sacks 
were, before the explosion, in the empty way of the Middle North, and 
appeared to have been moved in the reverse direction to that of the 
explosion. 

(26) Here a set of 80 fiill tubs afforded uimiistakable evidence of 
force having passed over them, as shown by arrow, and from in-bye to 
out-bye. There were some falls of stone on these tubs, but the marks of 
force were not such as could have been caused by stone falling on them. 
This set of tubs extended past the Middle North empty way. 

From B to C, Plan 1, on the main haulage road, was not examined, 
owing to this portion being barred off by stoppings put in after the 
explosion to isolate a fire. 

A road, connecting the Middle North and Low North haulage roads, 
and parallel to the main road, was made use of to pass the closed part. 
This road was called the travelling way. There had been no great force 
exerted on the travelling way. Some chocks were disarranged. A door 
next the Low North horse road, at (28), was blown as shown by arrow, 
and bricks from the door frame were scattered along the road. The door 
crooks were found 20 or 80 yards along the road. 

(27) At the Low North way end there was in the full way a set of 27 
full tubs, the two first tubs standing nearly in the main road, the 
remainder extending up the full way. Beginning with the tubs nearest 
the shaft : — The first two tubs were forced against the side of road and 
had their sides bent, as shown by arrow. The 8rd, 4th, 5th, 6th, 7th, 
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Stii, 9th, 10th, llth^ and 12th tubs were not damaged, bat the chains 
connecting them were tant, as thongh the Ist and 2nd tabs, having been 
blown off the rails and jammed against the side, had prevented movement 
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farther than the chains would allow. Some stone had fallen on the 1st 
and 2nd tabs, bat the damage done to them was not sach as woald be 
likely to be caased by stone falling on them. The 13th tab had the top 
part of the in-bye end blown in-bye, or ap the Low North way. The 
14th tab was not damaged. The in-bye ends of the 15th and 16th tabs 
were bent in-bye. The 17th tab was lilted ap against the 18th tab 
thus : — 



The in-bye ends of the 18th and 19th tabs were bent in-bye. The 20th 
and 21st tabs were not damaged. The in-bye end of the 22nd tab was 
bent in-bye. The remainder of the tabs were not damaged. These tabs 
extended past the travelling way, the door of which, as already men- 
tioned, was blown, as shown by arrow. At (29) were two doors before 
the explosion. These doors were blown towards the face of the Low North 
way, and were bnried under a large &11 of roof, which almost blocked the 
road. A short distance beyond this fall was the working face of the Low 
North way, and no farther damage was observed. 
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lleturnin^^ to the main haulage road, 22 yards in-bye of the Low 
North full way, was the empty way. About 20 yards up this road, at 
(30), was the upper part or box of a tub laid to one side. 
It had been traversed by force, as shown by arrow. The 
out-bye end was broken and forced in-bye, and the in- 
bye end was broken by being forced against a solid 
projection on the side of road. Part of the side of 
this tub was found some yards in-bye of the tub. 

(31) Here were two empty tubs; one of them had 

both ends bent in-bye, or to the face of the Low North, 

the other tub— and nearest the main haulage road — ^had been twisted 

round, and the iron band binding the top torn loose. It afforded no 

decisive indication. 

Passing in-bye from the Low Noi-th on the main road, the road was 
much blocked by fallen stone, most of the timber having been blown out, 
but afforded no indications as to direction of foix^ ; things that would 
have afforded information being buried imder the fallen stone. This 
continued until indications of passage of any force ceased almost entirely. 
The only indication of direction of force this length of road afforded 
was dust, which was found deposited on such timber as was left standing 
on the side nearest the shaft. 

There were, however, at (32), two things observed which appeared to 
indicate force having .passed in-bye. It became necessary to examine 
these with great care. A balk, supported at one end by insertion in a 
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hole cut in the side of the road, and, previous to the explosion, by a prop 
under the other end, was found unsupported by any prop, and the loose 
end pointing in-bye. 
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The road was examined, and a prop of the length reqjiiired to support 
the balk was found a few yards ont-bje. It was observed that the balk 
had supported the rapper wire (a rope made of iron wires, and about the 
thickness of a pencil) ; this wire had been threaded through an iron hanger 
nailed to the balk, about 2 feet from its supported end and on its out-bye 
face. The ring at the end of the hanger was found to have been forced 
open, and the hanger itself was bent, as shown in the sketch. It appeared 
most probable that some weight had, at the time of the explosion, fallen 
on the rapper wire in-bye of the balk, and that this had put a strain on the 
hanger, bending it as shown, and bursting open the ring. A force applied 
to the wire capable of doing this, would be likely to twist the balk in the 
direction in which it was found. Some timber, a few yards iu-bye of the 
balk, had fallen from a considerable height at Ihe time of the explosion. 
The other indication, appearing to point to force passing in-bye, was a 
column of brickwork (the remains of a door frame), next the side of way. 
As shown in the sketch, the brickwork 32 

ROOF ROOr 

was slightly curved in-bye, about 3 inches — -g 

out of the perpendicular. It appeared more n *~ 
probable that the curving of this mason- r^ooR floor 

work was due to pressure of the roof than to ScabfaFeet-linc^'. 

any force exerted on it at the time of the explosion. 

Beyond here (32), on the main haulage road, for a distance of about 
150 yards, little damage was done ; and when this part of the mine was 
arrived at it was hastily assumed by some that the limit of the explosion 
had been reached ; but it was found that the damage recommenced, and 
extended far beyond this undamaged length of road. Starting from the 
out-bye end of this undisturbed section of road, the first 70 yards was a 
stone drift, driven to cross a downthrow trouble of 10 yards. There was, 
near the leader or fissure of the trouble (which was crossed near the outer 
end of the stone drift), and for a distance of 10 or 15 yards, heavy timber- 
ing, which was undisturbed. Large balks were placed at intervals of 2 or 3 
feet, to support the roof. Just beyond this timbering was a wood fence 
to protect the compressed air pipes at a bend ; this fence was undisturbed. 
Up to this bend, the air pipes were, in the undisturbed section of the 
main road, supported at a height of about 4 feet from the bottom, and 
at intervals of about 5 feet, by iron bands nailed to the timber, and 
passing round the pipes. From the bend pipe passing iu-bye they rested 
on the floor. Beyond the bend pipe there was, for a distance of about 
60 yards, very little timber in the drift, only light pieces let into the 
stone near the roof to carry the rapper wire. These were not displaced. 
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Near where Xhe drift cut the bed of coal on the dip side of the trouble 
was, on the north side of the road, a stenton or ^passage in the coal, con- 
necting the intake and return air wajs. Up to this stenton, in the 
undisturbed section, there was a deposit of fine coal dust on the out-bye 
face of the timbering, and to a smaller extent on the in-bje face. On the 
f hangers and flanges of the air pipes, where 

they were above the bottom of the road, there 
pp. ^^ was a deposit of dust on the out-bye side, 

{ ^ \ u^ and this deposit was thickest next the lower 
Ji \S^ T)ort of the flansre. 



part of the flange. 

In the stenton already mentioned were two man-doors before the 
explosion ; these doors had been blown in the direction of the return (83). 
Doors set in light brickwork, and offering a surface of 30 or 40 square 
feet, are easily displaced, and such displacement affords no indication of 
the passage of great force. The remains of the doors, a large quantity of 
fine coal dust, some straws, used as a fuse for firing shots, some clothing, 
a hewer's wooden stool, and an old shovel were blown a few yards in the 
direction of the return. There were about six straws festened together, 
but one* was found sticking in a crack in a fragment of wood. The 
timber supporting the roof in the stenton and return was not disturbed. 

Nearly opposite the stenton, on the main road, was an empty coal tub 
undamaged; a few yards further in, workmen's tools, placed upright 
against the wall side, were not blown over. Two Clanny lamps were 
found near the stenton, one was slightly damaged near the top, but the 
glass was unbroken ; the other was broken in two pieces, the poles having 
been snapped. It was locked, and the bottom part and the poles were in 
one piece, the glass being broken ; the upper part was crushed flat. About 
20 yards from the stenton, going in-bye, two undamaged Clanny lamps 
were found. A little further in-bye, timljering was undisturbed, with the 
exception of a prop, to which a notice board was nailed ; this prop was 
slightly inclined in-bye at its npj)er end, where the board was nailed. A 
rapper and its framework were undamaged. A compressed air engine was 
undamaged. A workman's bottle was found standing upright, and his 
Davy lamp was hanging on a prop uninjured. Where the Hitch North 
haulage road leaves the main road, two full tubs were standing undamaged. 
They .were, as well as props in the road near them, coated with coal dust 
on their in-bye ends or sides. Skating deals, similar to those already 
described, were unmoved. The first pair of canvas doors hanging in the 
Hitch North road (34) were blown down, and towards the face, one door 
was observed 3 yards from where it had hung, and lying on the rapper 
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wire. The second pair of canvas doors on this road were not blown 
down. At a landing, about 180 yards along the Hitch North road, were 
some full and emptj tubs ; these tubs were not damaged, but appeared to 
have been forced in-bye a short distance against each other. There were 
no indications of any great force having traversed the Hitch North way. 
Returning to the stenton in which the doors stood, it was observed that 
out- bye, from the stenton in the return and in the direction of the staple 
shown on Plan 1, the props were coated with dust on the in-byeside, or in 
the direction of the explosion. This deposit of dust was thickest nearest 
the stenton. On the main haulage road, going in-bye from the stenton, 
the balks next the roof had a thin coating of dust on their out-bye sides, 
and this was so for a short distance down the Cross-cut haulage road. 
Large sheaves or rollers, having a vertical axis, and placed near the floor 
for a few yards down the Cross-cut haulage road, from its junction with 
the main road, were coated with dust on their out-bye side. 
Passing in-bye, from the junc- 
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tion of the Hitch North with the 
main road, a distance of 20 yards, tosma 
another junction was arrived at. 
The main road continued in a «Mr\<^ 

straight line, and was called the \^ 

Narrow Board, whilst a road called Scale. 80 Feet -2 Inch/ \ 
the Cross-cut passed to the right. \ 

Taking the Narrow Board haulage \ 

road, the disturbance was observed to recommence within about 10 yards 
of the junction. (86) Here an old door, which had been used as a 
lime board, was found in two parts, the smaller part furthest from the 
shaft. It was not definitely ascertained where this door had stood before 
the explosion, but probably it had been placed against the side, near 
a cabin a few yards out-bye from where it was found. At (86) was 
some timber displaced, and showing force passing iu-bye. A gate on 
one of two stables, at (87), was wrenched off its hinges, and blown 
into the stable a few yards. Past the stables the road was blocked with 
falls of stone, and these falls continued more or less to within a short 
distance of the face. 

At (88) was a set of tubs standing on the Narrow Board haulage road, 
and connected at the end nearest the shaft by a chain to the side of way. 
This set consisted of 24 tubs ; the first 17 tubs were buried under a large 
fell of stone, and could not be observed. The 18th and the 19th tubs 
were not injured. The 20th tub had its in-bye end bent out-bye. The 
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21st tab was lying on its side, but not damaged. The 22nd was not 
damaged, except where a wheel of the 21st tub had struck it. The 28rd 
tub had its out-bye end forced in-bye. The upper part of the 24th tub 
was torn off the tram, and found a considerable distance uearer the face. 
At (39) the rails appeared to have been struck by a force, as shown 
by arrow, or sideways, and were torn from the sleepers. 

(40) Here were two canvas doors before the 
explosion. These doors were carried in-bye a con- 
siderable distance. At (41) a balk, unsupported 
at one end, had the loose end forced in-bye. (42) 
Here was a lauding or station, from which the 
tubs were drawn out-bye by engine power. The 
.Scaler 80 ^eet'llnch/, landing extended from the Narrow Board haulage 
road up a road to the north. Some tubs were in this landing, and the 
following was noted: — ^The Ist tub was broken up, the upper part was 
wanting. The 2nd and 8rd tubs were water tubs, and were partly filled 
with water. The out-bye end of the 2nd tub was forced in-bye, and part 
of the in-bye end of the 8rd tub was blown in-bye ; the 4th tub was not 
damaged. Part of the ironwork of a tub was lying opposite the 2nd tub, 
and woodwork, which appeared to belong to the 
1st tub, was lying opposite the 4th tub. Some 
other tubs were glanced at, but did not appear 
much damaged; they were partly buried under 
Scalar 8 Foct'iirwhA falls of stoue. (43) Here was some timbering 
and rapper wire, showing force passing in-bye. 

At (44) was the only example observed by the writers at Usworth of 
a stopping having been blown on to a main haulage road. 
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At (45) were a series of chocks supporting the roof; one chock was 
blown down, and the pieces making it up were scattered in-bye, as shown 
in sketch. 

At (46) the props standing were coated with dust on the in-bye fece. 
(47) Here a tub, which had stood before the explosion against a chock, 
had been forced over the chock and in-bye ; it was not standing on the 
rails, but at right angles to them. It was on its wheels, but had 
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apparently been overtnrned in-bye, the C5oal emptied out of it, and 
replaced on its wheels by the explosion. 
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At (48) was a passage in which full tubs were placed in order to be 
ready for haulage by engine power. Eleven tubs were standing here. 
The two first tubs had been overturned in the in-bye direction, and part 
of the coals emptied out of them. Two heaps of coals lay a few feet in- 
bye of the tubs. The tubs had been replaced by the explosion on their 
wheels. Past this point the face was neared, and the force appeared to 
decrease. Timbering was not displaced. 

Returning to the junction of the Narrow Board and Cross-cut haulage 
roads and proceeding into the latter — 

For a few yards from the junction disturbance was not obseiTed, 
skating deals and timbering were not moved. At (49) had been two 
man-doors in a passage leading into the return. These doors and the 
brickwork framing were blown in the direction of the return; the bricks, 
door crooks, and other parts of the doors were found lying about 20 yards 
in that direction, and amongst timl)cr standing undisturbed. The props 
in this passage were thickly coated with coal dust on the side opposite to 
the direction of the blast. At (50) were two canvas doors before the 
explosion ; these doors were blown in-bye. A short distance down the 
Cross-cut extensive falls of stone had to be passed over, and these falls 
continued almost to the face. (51) Here sets of full and empty tubs 
afforded unmistakable evidence of force having traversed them in the 
direction of the face. The empty tubs were twisted and' torn in a most 
surprising manner. From these tubs, to within about 100 yards of the 
face, the roof -stone of the Cross-cut haulage road had fiiUen continuously. 
Near the face indications of force decreased, and the timber was not dis- 
placed. The Right Hand haulage road was much blocked by falls of stone, 
most of the timber having been blown out. At (52) timber left standing 
indicated the passage of force in the direction of the face. Balks sup- 
ported, before the explosion, at both ends by props, had one prop blown 
out, and the loose end of the balk was forced in-byc. The timber left 
standing in this road was coated with dust on the side opposite to the di- 
rection of the blast. The explosion had not passed to the face of this road. 
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The return air roads were examined, and it was clear that no explo- 
sion had traversed them. They were, in every respect, in their ordinary 
state, except at points where doors, air crossings, or light stoppings had 
been blown to them by force passing from the intake. 

The evidences of flame were as follows : — One of the surviving work- 
men at the bottom of the smaller downcast shaft was burnt, but not 
seriously ; his partner was not burnt. These men stated they saw dust 
burning near the coal-drawing shaft afler the explosion. A man at the 
coal-drawing shaft in the lower level saw sparks. Brattice cloth was 
found burning, afler the descent of explorers, at (8). Men were burnt at 
(9), (17), (24), and (25), and ponies at the stables near (18). A horse- 
keeper was burnt in the stables by the side of the Middle North haulage 
road. On the main haulage road, between the Middle and Low North 
ways, a fire had burned for some time after the explosion. At (27) two 
men were burnt. At the face of the Low North way, at F', F\ F'", 
F''", men were burnt, and coked dust was observed on the timber. In the 
travelling way, parallel to the main road, and connecting the Low North 
and Middle North haulage roads, coked dust was observed on the timber 
and on the coal. At F' and F", between (32) and (36), on the maiu 
road men were burnt. 

A short distance along the Hitch North haulage road, at (34), coked 
dust was observed on timber next the roof, to which a canvas door 
had been nailed ; it was deposited in the direction of the explosion. At 
(37) ponies were burnt. At ^38) a man was burnt. At (39), in a passage 
(a cul de sac) driven about 30 yards fi*om and at right angles to the 
haulage road, were three props near the face. Coked dust was on these 
props, and on the sides next the face, or sides opposite to the only possible 
direction of the explosion. At (48) coked dust was observed on a balk, 
and on the side opposite to the direction of the explosion. At P' and F", 
near the face of the Narrow Board haulage road^ coked dust was on the 
sides of the timber, opposite to the direction of the explosion. At F'", 
props were coated with coked dust all round. 

At (49) coked dust was observed on a sheave support and on timber 
on the sides opposite the direction of the explosion. At F', F", F'", at 
the face of the Oross-cut district, coked dust was on the timber and on the 
floor, and near here a pick handle was charred. 

At the time of the explosion there were on the plane of the explosion 
42 persons. 

There were the following fires and naked lights on the plane of the 
explosion : — Open Ughts at the bottom of the smaller downcast, and at 
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the boilera on each side of Ihe downcast shaft. Boiler fires on ejich side 
of the downcast shaft. Coal on fire in a flue near the downcast shafts. 
Each of the workmen, except those at the boilers and shafts^ had a safety 
lamp. 

A shot was to be fired at one point only — for the purpose of removing 
side stone. 

Dividing the workmen on the plane of the explosion as before, the 
survivors were only two, viz., the workmen at the bottom of the smaller 
downcast shaft. These men stated they had been under no alarm up to 
the moment of the explosion. 

The victims, in the field of the explosion, who had been traversed by 
force, or flame, or both, were, a lad firing a boiler on the west side of the 
coal-drawing shaft. He was not burnt, but had been thrown upon the 
hot and wet ashes at the fire hole, and was scalded. He died five days 
after the explosion. At the boilers on the east side of the coal-drawing 
shaft two men were found, one, a fireman, had been engaged at the boilers, 
and the other, a wagon way man, had probably been resting near him. 
Both these men were burnt, and had been subjected to some violence. 
The fireman was dead when found, the wagonwayman was alive but died 
within six hours of being brought to the surface. Flame would probably 
issue from the boiler fires at the fire hole at the time of the explosion, and 
may have bunit the fireman. 

At the Lawson's way end a deputy overman was found at a lamp 
station, where he was waiting for his men, and where he had been left by 
the last person who came out of this part of the pit before the explosion. 
His safety lamp was blown down and was found near him. This oflScial, 
together with three others, descended some time before the night shift 
workmen in order to examine the working faces in respect to ventilation ; 
after this examination they repaired to the lamp stations to meet their 
respective workmen. 

At the Middle North way end were found two boys and a deputy 
overman. The boys were in a recess where they were probably waiting 
for the night shift men. The deputy overman was at a lamp station 
waiting for his men. He was buried under a fall of stone. 

In the Middle North stables a horaekeeper was found, under a Ml of 
stone, at a point where he was probably engaged in the ordinaiy course 
of his work. At the Low North way end, two men were found buried 
under a fall of stone at the place where they had been working. One of 
their lamps was blown down and was found near them ; the other lamp 
was not found, it was probably buried under fallen stone. 
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At the face of the I^ow North nine men were found; some of them had 
moved a few yards from the places where they had been working, leaving 
their lamps, which had been extingnished and were found hanging in 
their working places ; these men were burnt but not mutilated. 

In the undisturlKKi length of the main road were five men (including a 
deputy oveiTiian at a lamp station) who had moved up to 9 yards after the 
explosion ; the position of these men will be more particularly described. 

On the Narrow Board haulage road two men were found at the place 
where they had been working ; their lamps were blown down. On the 
Right Hand haulage road a deputy overman was found buried under a fall 
of stone ; he had probably been coming out to meet his men after an 
examination of the working face. 

The victims outside the field of the explosion were the two explorers, 
who perished from after-damp in the return air road near the shall, 
having descended after the explosion. Eight workmen and the master 
shifter, or official in charge of the pit, at the face of the Middle North 
had been traversed by a gust of air, which had extinguished their lamps, 
but they had not been injured or burnt by the explosion. They had, with 
one exception, moved out in the dark about 200 yards, leaving their 
lamps, before being stnick down by after-damp. 

Four workmen in the Hitch North had been traversed by no force or 
flame, nor had their lamps been extinguished ; they were found on the 
Hitch North haulage road with their lamps. They had left their working 
places and had moved a considerable distance after the explosion. The oil 
of some of their lamps was exhausted. 

There was no evidence that up to the moment, of the explosion any 
alarm had Ixjcn felt by workmen in any part of the pit. Any movement 
that had taken place was such as would probably occur after the explosion. 

It will be noted that the four deputy ovennen are assumed to have 
examined the parts of the pit under their charge previous to the entry of 
the night shiil workmen. Had they, during their examination, found 
anything defective they would probably not have been where they were 
found. 

In fixing the point of origin, it is necessary to consider all the places 
where there was a light or flame of any kind. These weie — all the work- 
men, each of whom had a lamp, and two of them were using gunpowder ; 
the boiler fires and the coal on fire in a flue at the shafts. 

Near the shafts, as shown on Plan 1, are two roads only (through the 
troubles east of the shafts) into the district affected by the explosion. 
One of these roads, the return air way, was unaffected by the explosion, 
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and all indications of direction showed that the explosion had passed to 
the shafts by the other road, the main intake ; any light or flame about 
the shafts may, therefore, be dismissed as an origin of the explosion. 
The next light, passing in-bye, was the safety lamp of a deputy overman, 
at the Lawson's way end ; he had clearly been traversed by the explosion 
passing to the shaft. The next lights were a group of three, the safety 
lamps of the deputy overman and two lads at the Middle North way end. 
The explosion clearly passed them going to the shaft. The horsekeeper, 
the master shifter, and eight workmen in the Middle North had each a 
safety lamp. The horsekeeper was buried under a fall of stone caused by 
the explosion passing into the Middle North off the main road ; he could 
not, therefore, be selected as a point of origin. The master shifter amd 
the eight workmen in the Middle North had not been traversed by any 
explosion ; they were none of them burnt, nor was there any burning 
near them ; ihey had, with one exception, moved some distance after the 
explosion, which was arrested, passing to them in two directions, viz. : — ^by 
the stables on the Middle North haulage road, and by the return air toad 
between the Low North and Middle North. The next lights passing 
in-bye on the main road were the safety lamps of two shifters at the 
Low North way end. These men had been traversed by great force, and 
they were burnt. A force, coming from in-bye, had struck tubs as 
described within three or four yards of them. They were exposed to the 
full force of the explosion, and were buried under stone which fell on 
them at the point where they were working. There was no reason for 
selecting the lights of these men as points of origin. The next lights 
were the safety lamps of the workmen in the Low North way, nine in 
number. The explosion had clearly passed up the Low North haulage 
road to these men, and flame had extended to the face, as evidenced by 
the burning of the men, and by coked dust on the timber. It was quite 
clear that the explosion had passed to the face of the Low North way, off 
the main way, both by the full and empty way of the Low North, and 
beyond the junction of the full and empty way, by the single road con- 
stituting the Low North haulage road. Passing in-bye, over the undis- 
turbed portion of the main road, four men were working in the Hitch 
North, into which no explosion had passed. These four men were not 
burned or injured in any way, and had moved out some distance with 
their lamps after the explosion and had perished from after-damp. They 
cannot be selected as points of origin. Two shifters on the Narrow 
Board haulage road had safety lamps, and had been traversed by the force 
of the explosion, the explosion having evidently passed in-bye to them. 
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A deputy overman on the Right Hand haulage road waR traversed by 
the explosion and buried under a fall of stone. The explosion passed 
in-bye to him, and his safety lamp cannot be selected as the point of 
origin. 

There remain now for consideration the five men in the undisturbed 
portion of the main road. 

It will be noticed that this portion of the main road is, where it 
crosses the ten yard dip trouble, one of three roads only. These three 
passages connect the two portions of the mine, that lying to the east and 
that lying to the west of the trouble. It was clear, from examination 
of the two return staples or pits up the leader of the trouble, that no 
explosion had traversed them, and the doors in the stenton in the centre 
of the undisturbed portion of the main road at (38) had been blown to 
the return on the north side. Doors leading to the return on the soutli 
side, situated in a passage a short distance down the Gross-cut haulage 
road at (49), had also been blown to that return. The middle of these 
three passages across the trouble, or the main intake and haulage road is, 
therefore, the connecting link. In this road the dust showed that some 
movement of the air had taken place along its entire length, and burning 
was proved in the centre of it. 

The fact of this length of road escaping damage was a very striking 
feature, considering the great damage done on each side of it, and that it 
was clearly the route over which the explosion, causing the damage on 
each side, had passed. 

The only probable hypothesis appeared to be, that the explosion had 
started in this undisturbed section, and developed energy, in some 
manner, as it passed in-bye and out-bye. 

It did not appear possible, that an explosion, producing the effects 
observed, could pass over one of the most confined parts of the pit (in 70 
yards of which there were no side openings whatever), and do so little 
damage, except under special conditions. 

The indications of direction of force confirmed the ^iew that the 
origin of the explosion lay here. 

Plan 8 shows, on a scale of 20 yards per inch, the undisturbed 
section of the main road and the passages adjoining. The intake air 
ways and haulage roads are bounded by blue lines, the return air ways by 
red lines. The dotted blue lines show the stone drift. The places. A, B, 
and C, were driven in coal below the level of the stone drift, and were 
not connected with it. These places were stowed with stones. The place 
D was connected with the stone drift, and here two man-doors stood 
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before the explosion ; the first door six yards from the main way, and the 
second a few yards beyond. These doors were, as described, forced to the 
return. 

The bed of coal, in which the place D was partly driven, was below the 
level of the floor of the stone drift, and a I'oad, sloping down from the point 
E led into it. The writer frequently came out of this stenton during 
their investigations, and observed that in doing so they were led in-bye, 
the road rising on to the main way and trending in tliat direction. Two 
sections along the lines X and Y are given, also an elevation of the north 
side of the stone drift, showing the entrance to the place D. It will be 
seen that entrance to or exit from this place would be difficult from 
the out-bye nook. 

A Cross-cut, F had been driven out of D in the coal. It was 
intended to sink a staple from F to a lower level. A branch from the 
line of rails in the stone drift was being laid into the Gross-cut, and in 
order to allow the rails and tubs on them to pass into the Cross-cut some 
side stone was being taken off at E. 

The five men in the undisturbed portion of the main road were : two 
stonemen, engaged in removing side stone ; two wagonwaymen, making 
the junction mtii the main line of rails and the line of rails to pass into 
the Cross-cut F : a deputy overman was the fifth, he had no connection 
with the work being done, but had been at a station, H, where he met 
his workmen, and examined their lamps when they arrived. 

After the explosion one of the stonemen was found lying or 
leaning with his head in-bye on the stones thrown by a shot, and the 
remains of the drill hole were discernible in the stone above him. 
Opposite to this man's body, and between the rails, was a large stone, 
1 foot 8 inches long, 14 inches wide, and 13 inches deep, on which the 
line of the drill hole was observed. It ran along the line forming the 
junction of what had been the lower plane of the stone, when in sUA, with 
the out-bye vertical plane. This stone had fallen from above the shot, 
and it evidently had not been intended to dislodge any stone from where 
it fell. Some stone had, before resorting to the use of powder, apparently 
been hacked down up to a smooth horizontal parting, and the hole was 
drilled on this parting, which had probably been discovered by the 
stonemen when hacking the stone down. 

Two tubs at Gr, on the Hitch North haulage road, were found to be 
partly filled with stones and partly with wagon way rubbish. Some of the 
stones in these tubs had probably been worked off the side at E by the 
stonemen with hacks, previous to preparing the shot. 
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It was observed that the surfaces of the big stone, with the exception 
of the surface which had formed part of the side of the road, and which 
was blackened with the remains of an old coating of dust, and the under 
surface, or upper plane of the parting on the line of which the hole had 
been drilled, were free from dust, except to a limited extent at two points. 
The cavity from which the big stone had fallen was equally free from 
dust. The stones thrown by the shot were dusted, as well as the place 
from which they had fallen. The new surfaces, exposed by the stones 
worked off with hacks, were also coated with a fresh coating of coal 
dust. It was evident that the big s:one had not fallen until after the 
explosion, and after the dust raised by it had subsided. The other stone- 
man was found lying on the main way, about 2 yards out-bye from his 
partner ; his head was also pointing in-bye ; an empty tub was partly 
over his body ; his head was between the wheels on the south side of 
the tub, and one of the wheels on the other side of the tub was against 
his left thigh. His face was downwards. 

The position of the empty tub was abnormal. The stonemen and 
wagon waymen were taking the tubs when filled to the Hitch North, and 
it appeared improbable that an empty tub would be placed by them on 
the out-byeside of the place from which they were filling stones and 
rubbish. The tub had evidently not been forced over the big stone. On 
first visiting the place it appeared that the tub must have been, previous 
to the explosion, on the out-byeside of where the stonemen were working. 

The 6tonemen*s tools were set to one side a short distance from their 
place of work, as shown on Plan 8. 

A Clanny lamp, broken in two pieces, was found under the stoneman, 
on the stones thrown by the shot. The glass was completely smashed. 
The gauze, and part of the framework constituting the upper part of the 
lamp, were flattened. The lamp was locked. A Clanny lamp, belonging 
to the other stoneman, was found somewhere near, but its exact position 
was never proved. It was unlocked. The glass was unbroken, but the 
poles were slightly damaged. It was covered with oil, which had run 
out of the oil vessel, and dust was on the gauze, forming a paste with 
the oil. The oil on the gauze proved two things — first, that the lamp 
had been overturned and extinguished at the time of the explosion ; and 
second, that the lamp had been closed or screwed up at the time of the 
explosion, otherwise the oil would not have smeared the gauze. 

It was the practice of the stonemen, in firing a shot with a Clanny 
lamp, to unlock the lamp, screw off the top part, making the lamp an 
open light ; with this open light to ignite touch-paper attached to the 
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straw in the pricker hole of the shot, and then screw on the upper 
part of the lamp. 

At the place where the shot had been fired some loose stone was 
hanging, which could have been taken down by the hand. In the 
crevices about this loose stone coal dust had been blown. When stone- 
men return to resume work, after firing a shot, the first thing they do is 
to remove all loose stone. 

There was no appearance of any stone having been removed or filled 
up from the shot. The tub was empty. 

The two wagon way men were found, one in a refuge hole, and the 
other on the main road just outside it, 20 yards in-bye from the shot. 
Their lamps w^re found in the refuge hole near them. These men had 
fixed the crossing plate, and were, probably, before retiring into the refuge 
hole, cutting, or preparing to cut, an inch or two off a rail overlapping. 
Their tools had been placed against the wall side. 

The deputy overman had descended some time before the explosion, 
and he, as well as the other three deputy overmen, did this in order to 
examine the working places, to be occupied by the night shift workmen, 
before the arrival of these men, who were met at stations appointed for 
the purpose. One of these stations was the point H. Here was a 
seat, in which the deputy overman had probably been sitting at the time 
of the explosion ; his Davy lamp was hanging to a prop near this seat, 
and would not be more than 3 or 4 feet from him. This lamp had been 
extinguished. It was locked and undamaged. A tin water bottle stood 
upright on a flat surface at the seat. The deputy overman was found 
9 yards from the seat, and had passed in the direction of the shaft or 
out-bye, leaving his lamp. 

Dr. Wilson, of Birtley, by the coroner's order, made an examination 
of all the bodies of the victims. His report on the five men in the 
undisturbed portion of the main road was as follows : — 

"(17) William Brown, found 28th March. Bums and violence cause 
of death. The hair of the head and face same as No. 18 ; tiie scalp was 
also leathery, and covered more or less with a white powdery substance 
(likely mould). There was a large hole in the skull, in the right frontal 
region, which was produced by fracture of the bony scalp. The right 
arm was dislocated at the wrist ; the left arm was fractured at a point a 
little above the wrist ; both lower legs were broken, as was also the right 
thigh. He had evidently been subjected to extreme violence. The 
stockings were torn in irregular patches, but beneath, the tissues did not 
give evidence of having been subjected to flame, but more to violence 
and a succeeding high temperature." 
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"(18) Samuel Brown, found 28th March. Burns and Tiolence cause 
of death. This body was found, with the succeeding four men,* on the 
28th March. The hair of the head and face appeared at first to be 
entirely gone, but, on a closer inspection, short hairs of about ^inch in 
length were discovered, covering the back of the head and neck. Brown, 
I am told, was a very hairy man naturally. The short hair seen was 
evidently pout mortem in its growth. There was a scalp wound, 2^ inches 
long, but not complicating the bone. The jacket he had worn waa 
entirely wanting in the front part of the chest, but portions remained 
attached under both arms, and presented very irregular margins. The 
boots presented no evidence of burning, nor the clothing of the lower 
limbs. The hairs on the legs and chest were not singed .either. There 
was a lacerated wound, 2 inches long, on the inner side of the left thigh, 
which was putrefying rapidly." 

"(19) Thomas Wetherall. After-damp cause of death. The hair was 
slightly singed where it was not covered by his cap which was on. Front 
teeth were loode and quite pink in appearance (a remarkable fact). 
Clothing not torn in any way. No fractures or dislocations. Body 
much putrefied." 

"(20) James Walmsley. After-damp cause of death. Hair very 
slightly singed. Clothes unaffected. No fractures. Body pretty well 
preserved compared with the rest of this lot." 

"(21) Joseph Greener. After-damp cause of death. Hair quite 
natural, not singed. Clothes untouched. No fractures. Cap on head 
quite firm." 

It will be observed that three of the five men here were free from 
marks of violence. Of the other two men, one of them had been subjected 
to great violence, and the other to some small violence. It was difficult to 
ascribe this to the force of the explosion, which had not been great here, 
and would have been felt by all the men alike. 

' The probable explanation of the whole of the &cts was, that the stone- 
men had prepared the shot, put their tools to one side, and were ready to 
fire it. They warned the wagonwaymen of their intention. These men 
placed their tools against the side, and retired with their lamps to the 
refuge hole, 20 yards in-bye of the shot. One of the stonemen unlocked 
and opened his lamp, exposing the naked flame to the current of air 
passing. With this naked flame he ignited the touch-paper attached to 
the straw, and retired with his partner into the stenton D against the 
door, screwing the two parts of his lamp together. The provision box 

* This report was apparently written before Dr. Wilson reversed Nos. 17 and 18. 
See remark on page 95. 
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lying in the stenton may have been in his hands at the moment of the 
explosion, and he may have placed his lamp on the floor of the place, 
where it was probably found. The shot exploded, the main way filled 
with flame, and all the lamps were extinguished at once. The deputy 
overman left his lamp and rushed in the direction of the shaft for 9 yards, 
and then fell and died. One of the wagonwaymen came out of the refuge 
hole on to the main road. 

The stonemen below the level of the main way were alarmed, and the 
upper parts of their bodies were burned by flame entering the place. 
They scrambled out, one of them leaving his lamp, the other carrying 
his lamp with him, which he probably held in his hand at the moment of 
the explosion. They passed out of the stenton, and were led in-bye, fell, 
and died from after-damp on the main road. One following the wall 
side reached the shot, the other by his side fell on the rails. 

The tub, which had probably stood before the explosion in-bye of the 
shot, was forced out-bye on the rails by a current of air succeeding the 
explosion in a reverse direction. The tub, driven with some force against 
the body of the man on the rails, passed over him, as described, and 
inflicted the cuts. 

The big stone fell some time after the explosion, and when the dust 
had subsided. (26 days elapsed before the bodies of these men were 
reached.) In falhng, it broke the bones of the dead man and broke his 
lamp, rolling off the body on to the rails. 

The position of the big stone, in relation to the tub, was difiicult to 
understand, unless its fall occurred after the movement of the tub. 

Evidence was given by pei-sons who knew the Browns (the stonemen), 
that Samuel Brown lay on the stones thrown by the shot, and that 
AVilliam Brown was under the tub. It is probable that an empty tub, 
blown back over a man's body lying on the main road across the rails 
would, if one of the wheels passed over the head, inflict on it with the 
flanges a cut ; and that one of the wheels on the other side of the tub, 
forced against his legs when lying face downwards, would inflict a cut on 
the inner side of tlie left thigh ; and that a force applied to the tub 
capable of doing this, would probably drag the body with it, tearing off 
the covering of the chest. It also appeared probable that the big stone, 
in falling on a man's body, would break his arms and legs, and at the 
same time fracture his lamp. It appeared difiicult, however, to reverse 
the causes of these injuries. Dr. Wilson knew neither of the Browns, 
and could not personally identify them. They had been differently named 
to him on his first examination, and it appeared probable that he had 
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described the son's injuries as those of the fether, and vice versa. The 
evidence of a man, who assisted in removing the bodies from the place 
where they lay, proved that the body under the place from which the big 
stone had fallen had a broken leg. As none of the bones of the other 
body were broken, this established the probability of the men having 
been wrongly named to the doctor. 

The work the stonemen and wagonwaymen were engaged upon was 
urgent. The main road would require to be set free upon the pit starting 
work on the arrival of the night-shift workmen — hewers, putters, 
drivers, etc. These persons were waiting on the surface to descend at 
the time of the explosion ; 9 p.m. being the time when they commenced 
to descend. Under the circumstances, it would be difficult to imagine 
why the wagonwaymen should have left their work, unless a shot was to 
be fired. 

The loose stone hanging at the place where the shot had been fired 
afforded strong evidence that the stonemen had done no work at the shot 
after firing it. 

It was ui'ged that the stenton D was an improbable place for the 
stonemen to retire to after lighting the shot, for two reasons — ^first, the 
usual practice amongst stonemen is for one man to go out-bye and the 
other in-bye from a shot, to warn persons not to approach ; second, the 
position taken up would be dangerous. 

With regard to the first objection, there was, in this case, no reason 
for one of the stonemen going in-bye, as the road was already guarded in 
this direction by three men — ^the two wagonwaymen and the deputy over- 
man. It was found that out-bye from the shot, the road being straight, 
a distance of more than 120 yards could be seen in that direction. The 
stonemen, before lighting the shot, could assure themselves that no one 
could approach from in-bye, and that out-bye no one was within 120 
yards of the shot. There were only two persons likely to be moving 
along this road at the time of the explosion, one was the horsekeeper, who 
had been to the stables, a short distance down the Narrow Board haulage 
road, and had put the harness on the horses and ponies there, and must 
have passed the stonemen on his way to the stables in the Middle North, 
where his body was found. The other person was the master shifter or 
official then in charge of the pit. His body was found in the Middle 
North, and the stonemen may have been aware of his movements. 

The second objection, that the position was dangerous did not appear 
well founded. The drill hole was fifteen inches long, and was nearly at 
right angles to the road. By retiring as far as the first door the stone- 
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men would be round a corner and eight yards from the shot. It waa not 
possible for any stone, thrown by the shot, to reach the stonemen, if they 
retired to the door. It is not improbable that if the stonemen had been 
alone, the danger of the concussion, produced by the shot, extinguishing 
their lamps might have caused them to retire further, but, as a deputy 
overman was near, they knew that they would have had no difficulty, in 
such a case, in relighting their lamps. 

If the stonemen and wagonwaymen had been engaged at their work 
at the time of the explosion, the writers would have expected that the 
four lamps would have been found hanging at the place of work, un- 
damaged, and the gauzes free from oil, Uke the deputy overman's lamp. 
They would also have expected a movement, out-bye from the place 
where they were working, would have been evident, as in the case of the 
deputy overman. 

The fact of the two stonemen both lying with their heads in-bye 
was difficult to understand, except upon the assumption that they had come 
out of the stenton D. 

The writers conclude that a shot had been fired in the centre of the 
undisturbed portion of the main road, at the moment of the explosion, 
and this being the only source of naked flame, they assume that it waa 
the point of origin of the explosion. 

In order to account for this explosion on the assumption that it was 
caused by fire-damp and air, the greatest difficulties arise at every step. 
Thus, it is necessary to account for the presence of fire-damp in large 
quantities on the main intake air way, for its presence on some of the 
branch intakes, and its absence on others. No single source of fire-damp 
could account for such a state of things. 

To account for fire-damp, in sufficient quantity, on any of these roads, 
it is necessary to assume some extraordinary occurrence — such as had 
never been observed before, and of which there was not a trace.of evidence. 

It is necessary to account for the absence of alarm amongst the 
workmen scattered at different points over these roads, or otherwise, it is 
necessary to assume that the roads had simultaneously and instantaneously 
been invaded by fire-damp from unknown sources. 

Almost equal diffiailties present themselves if it is assumed that there 
was even so small a quantity as one per cent, of fife-damp in the air on 
the roads over which the explosion extended. It would be necessary to 
assume the point of issue near the shaft, as it is difficult to conceive a 
comparatively small issue backing against a large current of air. It 
would be necessary to assume it entering the air with great regularity, 

M 
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for if it had come oflF in gi'eater quantity, at one time than at others, it 
would have been observed on the lamps of the workmen, and could not 
have failed to attract their attention. 

It would, under any circumstances, be pure assumption, as no source 
of gas was known near the shafts. 32,000 cubic feet of air per minute 
passed into the district of explosion, and it would require an issue of 320 
cubic feet of fire-damp per minute to give one per cent, of gas in the air. 

The difficulties in the way of accounting for this explosion by gas are 
so great that the occurrence must be considered inexplicable, unless we 
turn to coal dust. There was coal dust in abundance on the roads 
over which the explosion extended, and although, after the explosion, 
owing to peculiar circumstances, there was no large quantity at the point 
of origin, yet the writers are of the opinion, that before the explosion 
there would be sufficient dust at hand here to account for its initiation in 
the absence of any gas whatever. 

The coal at Usworth, in the district of the explosion, even in the 
whole or first working, was very dry and dusty, and when water appeared 
it was from the floor of the seam. Singing rarely accompanied the issue 
of gas from the freshly exposed coal. 

The explosion was confined to the major portion of the intake air 
roads, and the working face of the Narrow Board, Cross-cut, and Low 
North districts. The whole of these roads were dusty ; and coal was hauled, 
by means of steam and compressed air engines, over the greater pai-t of 
them. The return air roads were undamaged, and free from coal dust. 
The damage was entirely confined to the haulage roads. 

The vicinity of the downcast shaft was wet, owing to shaft water. 
There was a slight dropping of water near the air crossing, a short 
distance out-bye from tlie Middle North. The bottom, and part of one 
side of the stone drift, was wet, and there was an issue of water at the 
face of the Narrow Board. These were the only natural sources of water 
in the field of the explosion. 

For 67 yards out-bye, from the point of origin, was the wettest part 
of the main road, and this circumstance appeared, at first sight, to render 
it unlikely that any quantity of coal dust could exist here. 

On Plan 8 is shown the leader of the ten yard dip trouble, crossing 
the stone drift. At this leader, on the south side of the road, a small 
feeder of salt water issued, and trickled down the side; no flow of water 
could be observed, but the side of the drift was wet for 8 yards from the 
leader ; the whole of the wet side was covered with a paste of coal dust 
to the depth of 3 or 4 inches, and this wet dust could be taken off in hand- 
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fills. The water, after reaching the bottom, was almost entirely confined 
between the rails where it stood in small pools. This wetness continued 
up to within two yards of the shot, the water then found its way into the 
stenton D, and the main road beyond was dry. The north side of the 
drift, the top, and south side, with the exception of the 8 yards next the 
leader, were dry. The space between the rails and the side of the drift 
was damp, and this dampness extended a few inches up the side at some 
points, more particularly at one or two places, where the hauling rope 
appeared to have surged. 

The sides and top of the drift, being in stone, were more or less 
rugged, the remains of an old coating of dust were visible both on the 
sides and top after the explosion, and a considerable quantity of dry dust 
was on all the parts of the drift clear of the water. 

A current of 26,700 cubic feet of air per minute passed down this 
drift, and the tubs were hauled up it by the compressed air engine at 
the Middle North. The coal being dry and dusty there would be a 
quantity of coal dust blown out of and from the tops of the tubs while in 
the drift, and some would lodge on the sides arid top. The conditions 
were favourable for the deposition of a large amount of coal dust on the 
upper parts of the drift, and the writers, speaking from experience of 
drifts, under similar conditions, have no doubt that the higher parts of 
this drift would be clothed with a thick deposit of fine dry coal dust of 
the inflammable nature already described. This dust would be readily 
shaken into the air by the concussion of a shot. It would be hanging to 
the top and sides, all the ledges would support it, and the tremor commu- 
nicated to the stone by the shot would cause the dust to fall off. Part of 
this dust would be shaken off by the concussion of the shot, and the rapid 
movement of the air accompanying and succeeding the explosion would 
dislodge most of the remainder. Some would appear to have been carried 
out-bye, and the writers think it probable that a large quantity of the 
dust observed in the stenton D, would be thrown in from this drift. All 
the dust falling on the wet bottom would be lost as dust. 

The deposit of dust, probably existing on the upper parts of this drift, 
would be the result of several years growth under unvarying conditions. 
It would be swept off at the time of the explosion, and a small portion 
only would re-settle, hence the appearance of the drift, as regards dust, 
after the explosion, would be very different to its appearance before that 
event. 

It was urged that the passage of men and horses, and the shaking of 
the "cow" (an iron bar attached to the last tub of a set of full tubs, 
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to prevent them running back in case of a broken rope or chain), woald 
cause splashing, and wet the whole of the drift. There was no appearance 
to lead to the supposition that any splashing had reached the sides of 
the drift, and none could have reached the upper parts. The writers do 
not think there is any reason to doubt that there had been sufficient dry 
coal dust in this drift to account for the origin of the explosion. 

Observations, with the wet and dry bulb thermometer, were taken ab 
Usworth after the explosion, and are given on page 17. The readings at 
the top of the stone drift and 4 yards out-bye from the leader, were : dry 
bulb, 69^ degs. F.; wet bulb, 68^ degs. F. At the shot, or about 2 yards 
in-bye of the wet bottom, they were: dry bulb, 69^ degs. F.; wet bulb, 63^ 
degs. F. The air was as dry after passing the wet bottom as on reaching it. 

The shot fired appeared to have been an overcharged sliot. The drill 
hole was 15 inches long, nearly at right angles to the road, pointing 
slightly out-bye, and its axis was level. The big stone had been loosened 
by the powder cutting upwards, or acting in a direction not intended. 
The stone thrown by the shot was in small pieces, and great shattering 
appeared to have taken place. This would increase the concussion, and 
the comparatively short hole was favourable to the production of flame. 
The hole was drilled nearly midway between roof and floor. The area 
of the drift at the shot was 83 square feet, the height being 5 feet 6 inches, 
and the width 6 feet. 

It will be noticed that it was concluded, that while lighting the touch^ 
paper attached to the shot, one of the stonemen used the bottom part of 
his Clanny lamp as an open light, and, bs he afterwards screwed on the 
upper part, no explosion can have resulted from this naked flame ; and 
the writers conclude that, when the shot was lighted, the pit was in its 
ordinary state. 

It was suggested that gas might have been present in the stenton D or 
Cross-cut E (Plan 3). The roof of these places was below the level of the main 
road, and there was a free outlet to a higher level,* and the writers do not 
think it possible to account for the presence of a gas lighter than air here. 

The writers conclude that the concussion of the shot filled the air 
with dust ,- this was accompanied, or immediately followed, by an issue of 
flame, which caused an ignition of the dust, and results followed which 
will be discussed hereafter. 

Having dealt with the origin, the writers will follow the explosion to 
the shafts first, and then in the contrary direction. 

The full force of the explosion appears to have been attained on 
I'eachiug the top of the stone drift ; and from here, by the main road to 

* See 8octious along liues x and ^, Plan 8. 
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the shaft, a distance of 2,170 yards, no increase or diminution of force 
was noticeable. The absence of dnst, owing to the presence of moisture, 
arrested the explosion at the shafts. 

It made four side excursions on its road to the shaft : — 

1st. — It passed to the face of the Low North. This road was very 
dusty on the bottom. There may have been some dust on the upper 
parts of the road before the explosion, but probably not much, as the 
coal was led by horses against a very small current of fresh air. It pro- 
bably passed to the face of the Low North, mainly by the bottom dust. 
A short distance up the Low North road it blew out the door in the 
travelling way, and flame passed into this road in this direction, and 
probably off the main road further out. 

2nd. — It passed up the Middle North to the stables. The quantity 
of dust on the upper surfaces of this road would probably be limited, as 
the coal was led out of the Middle North by horses passing against a 
feeble current of fresh air. At the stables the bottom was damp, caused 
by the urine from the horses and ponies, and more dampness was caused 
by two large water tanks, out of which the horses and ponies drank, 
scattering some water in their vicinity. 

8rd. — It passed a short distance along the Barmston abandoned way. 

4thL. — It passed a short distance along the Lawson's road. This road 
was a horse road, and the coal was led against a feeble current of fresh air. 
There was a considerable quantity of dust on the bottom, but it was not 
probable that there would be much dust on the upper parts before the 
explosion. The bottom dust was stony, and this appears to have arrested 
the explosion. 

Passing from the shot in-bye, the first branch road was the Hitch 
North haulage road. This was reached by the explosion before it had 
attained its full force. Flame had passed a short distance down this road, 
but no force sufficient to cause any disturbance. The coal on this road 
was hauled by a compressed air engine against a small current of fresh air. 
The roof stone had not been taken down, and there was little timber set 
in the road. The conditions were not fiftvourable to the deposition of 
much dust on the upper parts of the road, and it was proved that water, 
led from the face of the Narrow Board, had been poured in large quantity 
on this road, near its junction with the main road, shortly before the 
explosion. The water ran down the road for 80 yards, and then passed 
throughi a stopping to the east. These &cts account for the explosion 
being arrested in this direction. 
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The coal on the Narrow Board haulage road was led \>j engine power, 
against a current of air eqnal to 28,700 cubic feet per minute, as far as 
the Hitch North air way, and equal to 13,700 cubic feet per minute 
beyond that point. There would be dust both on the upper parts and 
floor. The explosion passed ta the face of the Narrow Board, and on its 
arrival there, would appear to have passed round the workings to the 
north, and returned across the road, as evidenced by indications left at 
(39) and (44). The full force of the explosion was manifested a few 
yards down the Narrow Board, from its junction with the Cross-cut 
haulage road, and this force appeared to continue almost to the face, 
a distance of 880 yards. Near the face signs of burning, in the 
shape of deposits of coked dust, increased in number, and the force 
decreased. 

At the junction of the Hitch North air way with the Narrow Board 
haulage road the current of air divided into two main spUts. The 
explosion had not passed along the air way ; this road was not used as a 
haulage road, and its consequent freedom from coal dust did not permit 
the explosion to traverse it. 

Returning to the junction of tte Narrow Board and Cross-cut haul- 
age roads, and proceeding along the latter, the full force of the explosion 
was attained a few yards from the junction, and continued nearly up to 
the face of the Cross-cut, a distance of 960 yards. A side excursion 
being made along the Bight Hand road. 

The coals from the Cross-cut were hauled from the point where the 
Right Hand road left it by engine power, beyond this it was a horse road. 

The following analyses of dust and coked dust, from the field of the 
eicplosion, were made by Dr. Bedson, of the Durham College of Science, 
Newcastle-on-Tyne. The specimens were collected on the 4th April, 
1885, or 83 days after the explosion :— 

Moisture and u^u4.„» 



Volatile Matter. 
Peroent. 



Percent 



J, 



1. Coal dust from the floor near the shaft end of the 

stone drift 28*70 ... 3-06 

2. Coal dust from the air pipes in the stone drift ... 24*81 ... 3*14 

3. Coal dust from the floor of the Cross-cut haulage road 30*16 ... 2*25 

4. Coked coal dust from the travelling way between tlie \ 

Middle and Low North 20*41 ... 3*70 j 

Specimen 2, from the flanges of the air pipes in the stone drift, had a J 
feeble coherence, and may have been slightly coked. 
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Dr. Bedson analysed some upper dost from an engine haulage road in 

Washington Colliery, adjoining Usworth Colliery, with the following 
result : — 

Moisture 2'5 

Volatile matter 24*5 

Fixed carbon (by difference) 67 "8 

Ash 15-2 



1000 



It contained 1*69 per cent, of sulphur. Its temperature of ignition lay 
between 190 degs. and 200 degs. (374 degs. and 392 degs. F.) 



GENERAL REVIEW OF THE EXPLOSIONS. 

Borne striking features of these explosions may be pointed out. 

In the Whitehaven exj^loaion, . coal dust could have played no 
part, but a large volume of gasepus mixture, which was known to exist 
before the explosion, must have been ignited, probably by a defective 
safety lamp. 

The effect of this explosion was strictly limited, so for as violence was 
concerned, to the immediate vicinity of the explosive mixture. The 
violence or force of the explosion was less than in any of the Durham 
explosions. The flame had not extended 60 yards from where the explo- 
sive mixture had been before ignition. The workmen, in the field of the 
explosion, had all been under some alarm before the explosion, and, after 
it, had moved about 100 yards, one of them escaping alive. Their bodies 
exhibited no signs of the severe burning common after explosions in dusty 
pits. No signs of burning were observed except on the bodies of the 
victims. The explosion had extended along the return side of the 
brattice. 

The five Durham explosions all present the foUowing features. 

In the absence of a knowledge of the danger of coal dust they could 
not have been expected. No accumulations of gas were known to exist, 
approaching in quantity what would be necessary to cause the wide-spread 
destruction, nor were such accumulations considered possible. 

In all the five explosions the downcast shafts were damaged. At 
Trimdon Grange, Tudhoe, West Stanley, and Usworth the explosions did 
not cross or pass the downcast shafts ; they wei-e wet shafts, and the 
roadways in their vicinity were damp. At Seaham, the explosion 
crossed the downcast shaft, and extended far beyond it. This shaft was 
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dry. In the four wet shafts the damage was h'mited to a few yards above 
the plane of the explosion, the dry shaft was damaged for more than 80 
yards above the plane of the explosion. 

In all cases, the violence and flame of the explosions were confined to 
those roads on which there was much coal dust. The greatest extent and 
amount of violence was on the intake and haulage roads, or between the 
downcast shafts and the caution boards or lamp stations, where gas could 
be least expected, and where naked lights were used daily. 

In those cases where the explosions extended into the working faces 
less violence was apparent, but more evidence of burning in the shape of 
coked coal dust. 

In no case was the return air way the route by which an explosion 
passed from one part of the pits to another. The explosions did not 
extend indifferently by all accessible routes, but, in passing from one 
district to others, were confined to the intake and haulage roads. On 
these roads was the fresh air entering the mine and much coal dust. The 
return air ways carry off all the gas made in the mine, but are free from 
coal dust. 

The return air ways were unaffected at Seaham, Tudhoe, and Usworth, 
and were affected only to a very limited extent at Trimdon Grange and 
West Stanley, next those parts of the working faces over which the 
explosion had extended, and where the dust in them was chiefly coal 
dust, and where coked coal dust was observed after the explosions. 

Iiftake air roads, such as the two travelling roads at Seaham, and the 
air way to the Hitch North district at Usworth, over which no coals were 
led, and which were comparatively free from coal dust, escaped. 

In many cases the explosions were arrested at places where the haulage 
roads were wet or damp. The most marked examples were the North Main 
Goal at Seaham, the Cross-cut way at Trimdon Grange, the Shieldfield 
and No. 6 ways at Tudhoe, and the Middle North and Hitch North ways 
at Usworth. In all these cases, the air passing along the intakes which 
escaped, was common with or taken from currents passing along other 
intakes over which the explosions did extend. In several cases the 
explosions were arrested before reaching the face on horse roads, where 
the dust was largely mixed with stone dust. This was the case in the 
South way of No. 8 Pit at Seaham, and, probably, the Lawson's way at 
Usworth. 

The explosions passed in every case towards thegoaves ; that is, when- 
ever the course of an explosion was ti-aced, the doors, stoppings, and 
movable bodies were blown towards, and never from, the goaves. 
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In no case did the explosion ascend or descend verbicaUj, so as to 
extend the explosion on other planes. The direction of a passage, whether 
vertical or horizontal, would not influence the extension of an explosion 
of a gaseous body. Little coal dust collects in shafts or staples, so that 
flame supported by it will be checked in them. 

In all the five Durham explosions there was no evidence that, up to 
the moment of the explosion, any movement had taken place amongst 
the workmen indicative of alarm. 

We have then to consider tJie possibility of some mixture of fire-damp 
and air, in any given area, exploding and carrying its effects instan- 
taneously over certain roads only, not expanding equally on all sides, but 
passing in a most capricious manner over the haulage roads only. This 
is difiicult to conceive. 

Or we have to consider the roads passed over as already containing, 
in themselves, the elements of explosion. If this were due to fire-damp 
and air the issue of fire-damp must be assumed from some source, and it 
does not appear conceivable that it should extend itself over one parti- 
cular set of roads only, missing out other roads equally available. While 
this issue, of what would have to be an enormous volume of fire-damp, is 
going on no alarm is felt by any of the workmen, some of whom were 
using naked lights. 

The only possible explanation appears to the writers to be that the 
roads traversed by the explosion contained elements of explosion of such 
a character as not to alarm the workmen, and these elements could only 
be coal dust and air, with a small percentage of fire-damp added in some 
parts. 

The Seaham, Tudhoe, West Stanley, and Usworth explosions were 
simultaneous with the firing of shots in stone, and the flames of these 
shots are concluded to have been the means of ignition. In these cases 
the explosion took place when the pits were occupied by repairers and 
stonemen, the only time when the operations of the mines allowed the 
shots to be fired. 

At Trimdon Grange the explosion was probably initiated by a small 
explosion of fire-damp and air, and in this case the pit was occupied by 
the ordinary workmen. 

In three of the cases, Seaham, Tudhoe, and Usworth, the shots were 
fired on a main intake air road, in stone, and, passing the points where 
the shots were fired, were currents of air of 61,000, 28,000, and 26,000 
cubic feet per minute. In one of these three cases the shot had been 
ignited by a naked flame. The writers are of opinion that the air in 

N 
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these three cases would be practically free from fire-damp. At West 
Stanley, a stone shot had been ignited by a naked flame at the working 
fEice^ in a place containing mnch dust, and the air in this case wonld , 
contain a small percentage of fire-damp. 

In the four cases where the point of origin is assumed to have been a 
shot, there was a marked absence of disturbance near it ; in the three 
cases where the shot was fired on a main intake, no timber was displaced 
for from 50 to 75 yards on each side. Where the shot was fired at the 
face, no timber was displaced for 80 yards from it. None of the shots 
were blown out shots — one was evidently an over-charged shot. 

At Trimdon Grange, where the explosion is supposed to have been 
originated by a small explosion of fire-damp and air, the absence of 
damage at the point of origin was not marked. 

It is well known that gunpowder is largely used in coal mines, and it 
would appear probable that, if in one case a shot causes an explosion, 
these disasters should be of more frequent occurrence, but an examination 
of the conditions under which gunpowder is used will help to explain this 
apparent anomaly. 

Gunpowder is used at the fece of workings — 
In coal. 
In stone drifts and staples. 

Near the face and on the in-byeside of the engine planes it is used 
In taking down top stone, 
„ „ up bottom stone, 
so as to make roads available for the passage of horses, and these roads 
sometimes become engine planes. 

In all the above cases there are usually no deposits of dust approach- 
ing in character those on the upper parts of old haulage roads. 

Between the shafts and the engine landings the roads are completed, 
and gunpowder is rarely used on them ; when it is used it is generally at 
points where the haulage road is above or below the level of the seam, and 
is altogether in stone, and it is then used in making refuge holes, remov- 
ing side stone, so as to obtain access to the coal, or in enlarging the road. 
Thus the shots at Usworth and Tudhoe were fired at points where 
probably a shot had not been fired since the road was completed as a 
haulage road. At Seaham, the shot was for the purpose of enlarging a 
reftige hole ; and it may be stated that on the 25th October, 1871, an 
explosion took place at Seaham Colliery, which was simultaneous with 
the firing of a shot in the stone neai' the point where the shot was fired 
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in the explosion under consideration. Moreover, daring the year 1872, 
on the firing of a stone shot near the same point, an explosion was 
caused, which, happily, did not spread. 

None of the shots assumed as points of origin were blown out shots. 
A blown out shot is one in which the gunpowder blows out the stemming 
or tamping, in the drill hole, and does not throw the stone. The gases 
and flame irom the combustion of the gunpowder all escape at the mouth 
of the drill hole. Where the resistance offered by the stemming and the 
stone to be thrown is nearly equal, they may give way together, and in 
such a case flame will issue from the drill hole. When the drill hole is 
short, and the length of the stemming consequently limited, an issue of 
flame is probable. There is always flame at the place where the powder 
lies, and a variety of conditions will determine the issue of flame into the 
air and its amount. It may depend to a large extent on the position of 
the dust, whether a larger quantity of it will be disturbed and thrown into 
the air by a blown out "shot, or by a shot throwing its burden. 

The writers think it possible that the shock communicated through 
the stone to adjacent surfaces will be greatest when the shot is not blown 
out ; on the other hand^ the rush of gases into the air will be greatest 
and more concentrated when the shot is blown out. In one case the 
energy of the gunpowder expends itself in moving and shaking solid 
stone, in the other in moving the stenmiing in the drill hole and the air 
outside it. 

If there is a quantity of upper dust hanging to the stone and timber, 
and heaped up on the ledges, a shot doing its work may be more likely to 
throw this dust into the air than a blown out shot, and a small issue of 
flame might complete the conditions necessary for its inflammation. 

If the dust is on the floor the shock of a shot doing its work would 
not disturb it to any considerable extent ; the rush of gases from a blown 
out shot, directed downwards, would be more likely to throw it into the 
air. 

The shots fired at Seaham, Tudhoe, and Usworth Collieries were all 
by the side of, and at right angles to, old haulage roads, with stone 
surfaces ; they were about midway between roof and floor. The tremor 
communicated to the adjacent stone and timber would dislodge and throw 
into the air coal dust of the flnest and most inflanamable character. The 
air currents had high velocities, which would favour the extension of the 
flame by the dust. 

The shot flred at West Stanley Colliery was under different conditions, 
and at a place where the presence of any upper dust was improbable. 
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The direction of the drill hole in this case could not be determined, and 
we are left to oonjectare what the exact conditions were which led to the 
inflammation of the dust. There would be some fire-damp in the air, 
and there may have been coal dust in the stenmung of the shot. 

Blown out shots are sometimes referred to as being in themselves 
capable of causing an explosion on a limited scale, and of carrying flame 
to distant points, frequently burning men who had retired to places where 
they considered themselves safe from any possible effects of the shot. 
That is to say, gunpowder placed in a drill hole blows out the stemming, 
and causes explosive results and burning a considerable distance from the 
drill hole. The writers have often heard of examples of this in coal 
mines, but never in metalliferous mines, where gunpowder is largely 
used ; thus the experience of the writers in metalliferous mines in the 
North of England, including the Cleveland ironstone mines, and the 
Cumberland and Lancashire hematite iron ore mines, has never frirnished 
them with an example of the kind; and Dr. C. Le Neve Foster, one of 
H.M. Inspectors of Metalliferous Mines^ in answer to a query on the 
subject, says, in a letter dated 18th January, 1886 : — "I have never heard 
of a blown out shot doing a considerable amount of damage in a metal 
mine. The phrase in use at metal mines is that the charge 'blows out 
the tamping.' No cases of men being burnt by flames, which penetrated 
to points previously considered safe, have ever been reported to me." It 
appears to the writers that eficcts produced by blown out shots in coal 
mines, and, by some, wholly attributed to the powder, must be caused by 
some agent other than the gunpowder, otherwise the same phenomena 
would be observed wherever it is used. 

It is found that coal dust is always present when flame extends far 
from a blown out shot, and is sometimes accompanied by fire-damp. 

In three of the four explosions where the origin is referred to a shot, 
inflammation of the coal dust is assumed to take place on a main intake, 
in the absence of any gas other than the merest trace, and in one inflam- 
mation of the dust is assumed to take place at the face of a working place 
where some fire-damp would be present in the air. This inflammation 
continued as such, on the main intake, for from 50 to 75 yards in each 
direction, and for about 80 yards from the shot at the face. Some change 
then took place, and the further combustion was attended with violence, 
which continued in all the explosions up to their limit, except where the 
workings at the face were traversed, and here great violence was not 
observed, but more signs of burning were apparent, possibly owing to the 
difierence in the character of the dust. 
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What is the reason of the change from inflammation, unattended with 
violence, to inflammation with violence, the writers can only conjecture. 
It is possibly owing to the compression of the air in front of the inflamed 
dust and air mixture by the expansion of the air behind it, from the heat 
evolved. The combustion of the dust taking place in air so compressed 
would be assisted, as Mr. Galloway has pointed out,* by the heat evolved 
during compression, and it is possible that in compressed air even at 
ordinary temperatures, dust would burn more readily. 

There appears to be some probability that at the point where ignition 
of the dust first takes place, the passage may not be completely filled 
with flame, thus at TJsworth it was observed that in one direction from 
the shot the two wagonwaymen and the deputy overman were not much 
burnt, and in the other direction some dry rope, like tow, attached to the 
fence protecting the air pipes at the bend, and on the side opposite to the 
shot, showed no appearance of having been subject to flame. 

After the explosion was Mrlj established, conditions quite different to 
the ordinary conditions of a colliery would exist, which apppeared to be 
suffici^it to insure the continuance of both flame and violence over the 
whole of those roads containing an uninterrupted supply of coal dust. 
These conditions would be : — (1) A wave of air preceding the explosion, 
and filling the air in the roads with coal dust. (2) Flame following 
instantly into compressed air charged with dust. 

The writers think it would be almost impossible to assume that the 
whole of the main intakes over which the Durham explosions extended 
contained fire-damp in any appreciable quantity. At Seaham it would be 
necessary to assume the gas coming down the shaft, or three separate 
issues to take place about the time of the explosion on the three main 
roads diverging from the shaft. 

At Tudhoe, where the air in the East and West Pits came direct from 
the sur&ce by separate downcast shafts, it would be necessary to suppose 
two distinct issues of fire-damp. 

At Usworth the air had passed no working places before reaching the 
shot, and could not be supposed to contain any fire-damp, beyond the 
merest trace. 

At West Stanley some fire-damp would be present in the air where the 
shot was fired, but no appreciable quantity could be assumed on the main 
intakes. 

At Trimdon Grange fire-damp was probably present in the landing, 
but on the main intakes it would be practically absent. 

The result of experiments in boxes of limited length and area, and 
under conditions, and with dust differing widely from that probably 

• See Nature, Vol. 33, page 366. 
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present at the explosions nnder review, has led to the opinion that fire- 
damp most always be present in definite quantities. It will be observed, 
too, that in those cases where the explosions are concluded to have 
originated in the absence of any appreciable quantity of fire-damp, that 
much damage was not apparent until inflammation had continued for a 
considerable distance. It would appear that with boxes, unless gas wag 
present, inflammation alone could be expected. 

When some of the working faces had been traversed by the explosions, 
as was the case at Trimdon Grange, West Stanley, and Usworth, the 
evidence of force was much less at these points than on the intake and 
haulage roads. The timber supporting the roof in the working feces was 
not disturbed to any considerable extent, while on the intake and haulage 
roads it was swept out for long distances. At the working &oeB deposits 
of coked dust were abundant, while their absence on the haulage roads 
was marked. 

The reason of these differences may be the different conditions which 
exist in these roads and passages. In the following examination of some 
of these conditions, the return airways, along which the explosions did not 
extend, with the exceptions already stated, will be included. 

The intake and haulage roads contain the freshest and coolest air, 
travelling generally at the highest velocities, and the air on these roads 
wiU not contain more than a possible trace of fire-damp. 

The working faces give off fire-damp, which will be present in the air 
passing along at less velocity and higher temperature. This air will also 
contain the results of respiration and combustion from the men, horses, 
and lamps it has. passed over. 

The return air roads contain, in the air travei'sing them, all the gas 
issuing from the working lace, and from abandoned parts of the mine, 
and also the results of respiration and combustion. The air travels in 
them at velocities varying greatly and depending on the number of roads 
open. The temperature of the air in them is higher than on the intakes, 
but lower than at the working fietce. 

The intake and haulage roads contain both upper coal dust and bottom 
coal dust. The working feces contain bottom dust only. The return 
air roads are generally practically free from coal dust. 

The intake and haulage roads are confined at the sides by stoppings 
of varying strength, and by doors. The working faces present more 
open passages in direct connection with each other. The return air roads 
are not so confined as the intakes, but more so than the working faces. 
The air on the intakes is usually drier than that at the working fece or 
in the returns. 
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The presence, on the intake and hanlai^ roads, of fine coal dust of a 
particular character, maj possibly be the cause of the greater disturbance 
on these roads, and the absence of coked dust may be due to this dust 
not readily coking. The greater confinement to which the explosion 
is subject on these roads may also contribute to the greater violence. 

The following table shows the number of fatal explosions in the ool- 
Heries in Durham, Northumberland, and Cumberland since the year 1878, 
and the number of deaths supposed by the writers to be due to fire-damp 
and coal dust respectively : — 



Tear. 


Number 

of 

Ezplosioiia 


Defttha 
eaiuedby 
Fire-damp. 


Deaths 
cauMdby 
CoalI>uflt. 


RXICARKS. 


1873 


1 


1 




'^ 


1874 


2 


2 






1875 


4 


5 


... 




1876 


4 


4 


4 


Wheatley HiU. 


1877 


2 


2 


... 




1878 


4 


5 


... 




1879 


1 


1 


... 




1880 


2 


1 


164 


Seaham. 


1881 





... 


... 




1882 


7 


7 


124 


Trimdon Grange, Tudhoe, 
and West Stanlej. 


1888 


1 


2 


••• 




1884 





... 


... 




1886 


1 


... 


42 


Usworth. 


Totals... 


29 


dO 


384 





In the foregoing table it is supposed in two cases — a small explosion 
at Wheatley Hill Colliery, and the explosion at Trimdon Grange Colliery 
— that an explosion of fire-damp was the source of inflammation of the 
dust, and it is assumed that the person whose light ignited the gas was, . 
in each case, killed by an explosion of gas. The remaining lives lost by 
these two explosions are ascribed to coal dust. At West Stanley Colliery 
it is more difficult to state the principal agent to which the initiation of the 
explosion was due, as some gas would be present, although probably not 
sufficient to cause explosion in the absence of dust. The two combined, 
ignited by the flame of a shot in the stemming of which there may have 
been coal dust, are assumed to have initiated the explosion, which continued 
along those roads on which dust lay ; and dust is assumed to be the leading 
agent, and the loss of life is ascribed to it. Coal dust alone, or combined 
with possible traces of fire-damp, is assumed in three cases to be the 
fatal agent, viz., at Seaham, Tudhoe, and Usworth. 
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THE AITER.DAMP. 



The after-damp encountered in the Durham collieries after the explo- 
sions appeared to possess very deadly properties. At Trimdon Grange, 
Tudhoe, and Usworth it caused the death of persons who descended after 
the explosions ; and in many cases the explorers suffered severely from it. 
It appeared to contain some gas other than those usually met with in 
mines under ordinary conditions, or such as are generally supposed to 
result from the combustion of fire-damp. 

The gases met with in the ordinary working of coal mines are fire- 
damp, or light carburetted hydrogen, and stythe, or carbonic acid gas. 
Sulphuretted hydrogen is occasionally observed. Fire-damp indicates its 
presence by its effect on the lamp, and is found next the roof, when pure. 
It does not appear to exert any prejudicial effect on the human system, 
even when respired to a considerable extent. Stythe is usually met with 
in shallow pits. In air mixed with it a lamp or candle bums dimly, and 
it is found near the floor. Miners frequently work in air so mixed with 
stythe as to render it necessary for them to place their candles close to the 
roof, and as &r from the iuce as possible, and this not for an hour or two, 
but for days, without feeling any directly bad results. The writers have 
frequently examined parts of mines, where there was great difficulty in 
preserving a light, without feeling any ill effects. Sulphuretted hydrogen 
is readily detected by its smell. The constituents of after-damp are 
generally supposed to be carbonic acid gas, nitrogen, and water vapour, 
the two latter being non-poisonous. The presence of any of these gases 
in the air in such quantity as to be quickly harmful to life would be at 
once shown by their effect on lights. 

After the explosions in Durham, it was evident that some other gas 
was present in the air ; the lamps burnt brightly, and when they gave 
no indication of the presence of any kind of gas, men were over- 
powered. The writers have been affected under such circumstances on 
entering parts of the pits where ventilation had not been restored, and 
have been present when persons lost consciousness, and had to be carried 
back into purer air, and yet no indications were given by the lamps. 

It was observed that the oil in some of the lamps of victims, who 
had perished from after-damp while waiting for rescue, was exhausted, 
as if the lamps had not been extinguished by the after-damp which killed 
the bearers, but had burnt until the oil was consumed. 

At Usworth, an attempt was made to arrive at some knowledge of the 
gases present after an explosion in a dusty mine. On the 7th March, a 
stopping to cut off the air from a fire was erected in the intake at A, 
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Plan 1. On the 9th March, a stopping was erected in the return near 
the same point. On the 18th March, a plug was removed from a pipe 
through the stopping in the return, and some of the gases which issued 
from the pipe was collected, by one of the writers, in two glass vessels. 

Dr. Bedson, Professor of Chemistry at the Durham College of Science, 
Newcastle-on-Tyne, kindly furnished the following analysis : — 

Carbonic acid gas 

Carbonic oxide 

Light carburetted hydrogen 

Oxygen 

Nitrogen 



The stoppings being to the rise of a large extent of workings, fire- 
damp was likely to be found near them. The presence of a fire beyond 
might have had some influence on the production of the carbonic acid 
and carbonic oxide gases. 

The writers, knowing the poisonous nature of carbonic oxide, think 
it probable that the after-damp owes much of its extremely deleterious 
effects tn the human system to the presence of this gas. 

It appears, from experiment, that carbonic oxide does not indicate its 
presence in air by any eflTecb on the' flame of a lamp, until present in 
volume exceeding 10 per cent. 



4-54 


vols. 


2-48 


•» 


8-68 


?» 


7-23 


>? 


76-80 


n 


. 99-73 


91 



POPULAR IDEAS ABOUT EXPLOSIONS. 

There are some views as to the course explosions take, which are very 
generally held, and often advanced, not as scientific reasons, but as based 
on observed fects, more or less common to all large explosions. 

Bxpressions, which are proverbial in the mouths of miners, will now 
be considered, and it will be found they support the coal dust theory. 
The writers conceive that the old miners put forward these views as' 
accounting, in an empirical manner, for phenomena that were unexpected. 
One of the commonest of these expressions is that an explosion always 
** faces the wind," or " travels against the fresh air." The origin of this 
saying probably is that, in many cases, in earlier times, explosions, started 
at the working face by an ignition of fire-damp, extended from the point 
of origin as a dust explosion, traversing the main intake, the road on 
which the dust lay, to the downcast shaft, the only course open to it 
under such circumstances being, therefore, to face the incoming air. 
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In all the cases under review, except Whitehaven, the explosions 
extended for long distances, both with and against the current of air. 
It seemed clear that the direction in which the air was travelling had no 
influence on the course of an explosion after it was once started. Cases 
have been observed which make it appear probable that a dust explosion, 
starting in a main intake, has a tendency at first to go with the air, and 
not against it. This, however, is only observed at the point of origin. 

In order to account for the exhibition of force on the intake air roads 
and its absence in the returns, it is sometimes said that the explosion 
travels along the former route because the air is purer there, and better 
able to support combustion, or that " the gas seeks the fresh air." As 
a matter of fact, in all the collieries described, the difference between the 
fresh, or intake air, and the return air was very slight as regards the 
power of supporting combustion; and the principal impurity in the 
return air was probably fire-damp. The return air is warmer and 
moister, but lights burn well in it, and all the functions of life are 
properly performed. One class of workmen, the wastemen, work alto- 
gether in it. The writers do not think the difference in the air would 
have any effect in preventing an explosion extending along the return 
air roads. 

Again, it is said, the sectional area of the return air roads is smaller, 
that they are more tortuous than the intakes, and so offer more resistance 
to the passage of the blast. This is true to a certain extent ; but, on the 
other hand, the return air roads in some of the cases described were for 
long distances straight, and as large or larger than the intakes. But 
yet they were not traversed by any explosion. 

Then, again^ it is argued, that the explosions extend to the shafts 
because they " act as outlets." This idea has no doubt arisen because the 
majority of large explosions pass to the bottom of the downcast shafts. 
The reason of the explosions so doing, may be the &ct, that there is 
generally a line of dusty road extending to these shafts, and not because 
the shafts act as outlets. The site of the shaft is often the limit of an 
explosion, owing to its immediate surroundings being damp. Many large 
explosions have not reached the shafts. 

An idea appears to be held that an explosion, caused by the combus- 
tion of fire-damp contained in a limited area, can extend for very great 
distances along the air ways of a mine, for distances apparently out of 
all proportion to the assumed quantity of explosive mixture. 

The fact of explosions so often extending to the downcast shaft along 
the fresh air roads has probably caused this view to be held. No one has 
conceived that these roads were in an explosive condition along their 
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entire length, so that, in the absence of any other means of accounting 
for the extension of the explosion, it seemed necessary to suppose that a 
gas explosion at some distant point had so extended itself. 

The writers have investigated almost all the explosions of fire-damp 
which have occurred in the North of England during the past thirteen 
years; these explosions, causing death or injury to from one to four 
persons, in no case produced effects greater than might have been antici- 
pated from the known or probable amount of gas present. 

The Whitehaven explosion, a pure gas explosion, is partly introduced 
to emphasise this aspect of the question. 

In the five Durham explosions, which are regarded as explosions 
caused by coal dust, there were many marked examples of the sudden 
cessation of force, within short distances of places where the supply of 
coal dust ceased, and where proofs of the existence of flame were visible. 

It is common for witnesses in explosion inquiries to speak of the blast 
passing for long distances from some point of origin, along a road not in 
an explosive condition, this essential condition not appearing to be con- 
sidered necessary; in other words, that the force developed at some point, 
by the combustion of gas and air, had extended itself along confined road- 
ways for long distances, without any addition and without any diminution 
of violence. The writers deem it of the utmost importance to attempt 
to set this view aside. It appears to them that the resilient properties of 
columns of air, in the narrow passages of a mine, are such, that no great 
force can be exerted at any considerable distance away from where actual 
expansion due to combustion takes place. A moderate force may be exerted 
some distance away, but violence sufiicient to cause death, or displace 
timbering, does not appear to extend many yards from the actual explosion. 

If the latter view be correct, it is not suflBcient, in order to account 
for explosions such as those described, to say that an outburst of 
gas has taken place, and has exploded near the outburst. Before the 
explosion takes place the gas must be mixed with air to the explosive 
point over the roads along which the explosion extends. It must be 
explained how it was that certain roads traversed by the current of air 
after passing the source of gas became explosive, while other roads, traversed 
by currents from the same source, were untouched by the explosion. It 
must be explained how the gas backed against lai^e currents of air for 
long distances, and how all this fouling took place without attracting the 
notice of men in the currents. 

Such witnesses, having fire-damp and air in view only, must assume 
that these things need not occur before the mines are brought Jnto the 
state necessary to render the large explosions under notice possible. 
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Finally, it most be remembered, that in all the five Durham explofflons, 
it is a pure assumption to suppose that any sudden outburst took place. 

The following examples from the explosions described may be 
advanced, as bearing on the above question of the transmission of force. 

At Seaham, the men in the Sonth way in No. 3 Pit, into which the 
explosion extended as far as the air crossings, were not killed, nor injured 
in any way by the explosion, nor were their lamps extinguished. They 
were about 400 yards beyond the limit of the explosion, and the road was 
open from this point to where they were working. Pour of these men 
escaped alive by passing to the shafts by the return air road, the remainder 
attempting to reach the shafts by the intake perished from after-damp. 
One of the survivors said, "We felt a heavy wind and small coal flying." 
The travelling roads in No. 1 Pit, and in the Maudlin, parallel to the 
haulage roads, and acting as double intakes, being open at both ends, and 
traversed by currents of air passing off the haulage roads, were not 
damaged, except near their junction with the haulage roads, although 
great disturbance was observed on the latter. The doors in the passage 
leading from the No. 1 Pit travelling road to the return were not moved, 
although the force necessary to blow down doors is not great The 
workmen at the &ce of all the districts were not injured by the force of 
the explosion, all having passed out some distance. In many cases 
their lights were not extinguished. The portion of undamaged road near 
the shaft, although in the very centre of great violence, had escaped. 

At Trimdon Grange the workmen in the Cross-cut district, although 
in the direct line of the explosion coming up from the main road, were 
uninjured, and no disturbance was noticeable on the Oross-cut haulage 
road, except to a limited extent near the junction. The timber in the 
horse road between the Second and Third South ways of the Pit Narrow 
Board district was not displaced, and the driver; horse, and tubs in this 
length were not injured by force. 

At Tudhoe several marked examples of the sndden stop of force 
were observed. 

At Whitehaven the effect produced by the explosion of what must 
have been a large quantity of explosive mixture of fire-damp and air was 
quite local. Workmen, within 50 yards of where combustion probably 
ceased, were not injured. A gust of air was felt a mile away. 

At TJsworth the explosion extended to the downcast shaft with great 
violence, and flame had arrived there. Its effects died out rapidly in the 
vicinity of the shaft in all directions. Two men at the smaller downcast, 
40 yards away, escaped alive. A pony in the loose box near was not 
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injured or burnt. Men at the lower level, 18 yards below, were not 
seriously injured. The explosion, arrested at the Middle North stables, 
had extinguished the lights of the men at the face, but had not injured 
them, as they all, with one exception, had passed out a considerable 
distance in the dark. They would be approached by the explosion from 
two directions — ^from the face of the Low North, and from the stables 
in the Middle North. The undisturbed portion of the main road, though 
in the direct line of the explosion, had escaped damage. This road was 
one of three, and all had escaped violence. Both the Hitch North haul- 
age road and air way had been traversed by no force. The lights of the 
workmen at the face of the Hitch North would appear not to have been 
extinguished. 

In all the five Durham explosions, although gi*eat disturbance was 
observed on the haulage roads, the return air ways, where free from coal 
dust, were undamaged, except to a trifling extent, by force passing from 
the intakes. This force died out very rapidly at all these points. At 
many places doors, stoppings, and air crossings, easily moved, would have 
allowed passage of force, but no such passage was observed. It is difficult 
to conceive how a force, capable of causing great disturbance more than 
a mile away in one direction, should not, in other directions, pass more 
than 40 yards, except that, in ths one case, a vehicle existed which was 
wanting in the other. 

In considering the facts stated, the writers are of opinion that the 
explosions having been arrested by want of fuel, the damage had ceased 
with the flame. A gust of air of considerable force would extend some 
distance beyond the flame, but no blast sufficient to do extensive damage ; 
and the force of the gust of air would appear to diminish rapidly as the 
distance firom the flame increased, lights not being extinguished 800 of 
400 yards away. 

The fact of the passages of a coal mine being filled with air, an 
elastic fluid, preserves those passages out of the field of an explosion from 
damage. 

It has been the custom to speak of phenomena such as those described, 
either as examples of the erratic nature of an explosion, the vagaries of 
which follow no natural laws, or to get over the diflSoulty by saying that 
the district, or part of the pit not penetrated by the explosion, was a eul de 
sae, notwithstanding the facts that the road was open into it and another 
road led out of it, and that, in some cases, men rescued stated the ven- 
tilation was in its ordinary state at the time. 
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CONDITIONS IN MINES LEADING TO EXPLOSIONS. 

Some general conditions concerning explosions in cod mines will be 
considered. 

The initiation of an explosion may be due to an ignition of fire-damp, 
to the ignition of a clond of coal dnst, or to the ignition of a mixture of 
fire-damp and coal dust. The flame causing ignition may be that of an 
open light used for lighting, or of a fire for producing ventilation or 
steam^ or of a fire acddentallj caused ; or it may be fix>m gunpowder or 
other explosive, or from a safety lamp. 

Fire-damp. — Fire-damp, owing to its lightness, rises to the highest 
points, and until diffusion takes place, is found in such places ; otherwise 
it behaves as air, and passes along mixed with the ventilating current. 
A naked light is a common source of its ignition. 

Fires underground, whether used for producing ventilation or steam, are 
placed in such positions and under such conditions, as to render it improb- 
able that fire-damp, in such quantity as to be inflammable, can reach them. 
Fires accidentally caused in mines producing fire-damp may cause explo- 
sions. Second explosions, which sometimes occur, are probably initiated in 
this way. Flame of gunpowder, or other explosive, is probably a rare cause 
of the ignition of fire-damp present in the air current (in the absence of dust). 
Before shots are lighted in fieiy mines an examination is n^ule for gas, and 
men know they would risk their lives if they fired a shot where gas could be 
detected in the air current. It is very improbable that in the interval 
between the examination and the explosion of the shot, the air passing 
over it would become infiammable, from gas alone. Gas liberated by a 
shot, or issuing in a jet near it, is not infrequently ignited by the fiame, 
and bums at the point of issue. A shot fired near a goaf where a proper 
examination cannot be made, or near a cavity in the roof which has not 
been examined, may occasionally ignite an accumulation of fire-damp. 
When a shot is blown out, the probability of it igniting gas is increased, 
by reason of the increased distance to which the fiame is carried ; and 
when coal dust has been used in the stemming of a blown out shot, the 
flame extends still further, and so increases the possibility of igniting gas. 

The flame of a safety lamp may cause ignition of fire-damp outside it 
irom any one of four causes : (a) If the lamp is defective. A defective 
or injured lamp of any construction may be no safer than an open light. 
(Jb) In the case of many of the safety lamps now in use, such as the 
Davy and Clanny lamps, if they are exposed in an explosive mixture of 
fire-damp and air travelling above a certain velocity. It has been proved 
by repeated experiments that such lamps will ignite gas outside them. 
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when exposed in an explosive current travelling at from 6 to 10 feet per 
second, (c) Some lamps of large internal capacity, or those so enclosed 
by solid casing as to increase the effect of internal explosion on the ganze, 
when manipulated in a particular manner, in a stationary mixture of 
fire-damp and air, will cause the ignition of gas outside them by the 
explosion of gas within them. This fact was only recently discovered 
by M. J. B. Marsaut, a French mining engineer, who describes the 
process by which it can be effected.* (d) It is possible for some lamps 
to pass flame to gas outside them, if they are subject to a momentary 
wave or gust of air such as may be caused by the firing of a shot,t or by 
attempting to blow out the flame,^ while they are surrounded by an 
inflammable or explosive mixture of fire-damp and air. In the cases (b), 
(c), and (d) it is not the flame of the safety lamp which directly ignites 
gas outside the gauze ; the flame of the lamp first ignites gas inside 
the gauze, then usually going out; the ignited gas inside the gauze 
eventually communicates with the outside gas. 

It may be pointed out that some of the tests to which safety lamps 
are submitted in experiments are much more severe than any which they 
are likely to encounter in practice. The writers believe that many 
explosions attributed to the ignition of fire-damp by the flame of safety 
lamps have been due to other causes. 

Coal dtisL — Coal dust, under ordinary circumstances, does not exist as 
a dense cloud in the air of a mine, and is not carried along by the venti- 
lating current, except to a very limited extent. To become inflammable 
in the air the coal dust must be present in the form of a dense cloud. 

An open light is a rare source of ignition of a dust cloud. Examples 
of this are stated to have occurred in some mines in France,§ where the 
circumstances were favourable to the production of a dense cloud of coal 
dust above an open light. Accidents caused by the ignition of a cloud of 
coal dust by open lights on the surface are recorded, both in this country 
and on the Continent. 

Fires underground, used for producing ventilation or steam, are so 
situated that it is very improbable that they should cause the ignition of 
coal dust in the air. It appears possible that under favourable conditions 

• See ** Miners' Safety Lamps," Vol. IX., Midland Institute of Mining, Civil, and 
Mechanical Engineers. Translation of J. B. Marsaut's paper by T. Carrington. 

f See " Safety Lamps and Shot Firing/' by W. Galloway, North of England 
Institute of Mining and Mechanical Engineers, Vol. XXIV.; also Proceedings of the 
Royal Society, 1874. 

t See letter by W. Galloway, "CoUiery Guardian," 27th August, 1886. 

§ See paper " On the Influence of Coal Dust in Explosions of Fire-damp," by M.M. 
Chauselle and Desbief , published in ** Bulletin de la Soci^t^ de Tlndustrie Min^rale 
de Sainte-Etienne, 1876." Translation by W, Galloway, published in " Iron," January 
26th to March 2drd, 1878. 
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a fire accidentally caused might do so. If the conditions were such that 
the fire caused a current of air, so strong as to carry a dond of coal dust 
over it, or if the fire caused a fall of stone or timber so as to produce 
a dust doud of sufficient density, the dust might be ignited. 

The disturbance produced by the explosion of gunpowder ensures, 
under some conditions, the production of a dust cloud, and the accom- 
panying flame is a common source of its ignition. 

There appears no reason to suppose it possible that a dust cloud may 
be ignited by the flame of a safety lamp. 

Coal dust, not suspended in the air, is sometimes ignited by the flame 
of ia shot, or by an open light. This class of ignition may be compared 
with that of fire-damp, burning, as a jet, at the point of issue. 

Ffre-damp and coal dust. — It has been shown experimentally that a 
cloud of coal dust in air, containing, according to Galloway,* less than 1 
per cent., and according to Abel,t from 2 to 2^ per cent, of fire-damp, is 
readily inflamed at ordinary temperatures and pressures, by an open light. 

The presence of a porous dust, even of a non-inflammable nature, will 
determine the ignition of fire-damp and air mixtures, which are not 
inflammable in the absence of the dust. 

The flame of gunpowder, passing into a cloud of coal dust, in air 
containing a small proportion of fire-damp, will be more likely to cause 
ignition than in the absence of fire-damp. 

There appear, at present, no grounds for slating that the presence of 
coal dust, in air containing fire-damp, adds to the probability of the flame 
of a safety lamp igniting the mixture. 

The extension of an explosion, however initiated, may be caused by 
the continued ignition of fire-damp, coal dust, or a mixture of the two. 
It frequently happens that a gas explosion is confined, owing to the 
absence of dust, to a gas and air mixture. It cannot be so positively 
asserted that an explosion is entirely confined to dust, because the practical 
absence of gas, although it may be pfobable, cannot be positively proved 
by an examination after the explosion^ as can the absence of dust in some 
fire-damp explosions. 

It has been stated that an inflammation of coal dust may cause a 
considerable explosion by bringing about the ignition of fire-damp and 
air mixtures. This is possible, but it appears to the writers that the 
greatest danger is the converse of this, that the explosion of an accu- 
mulation of fire-damp may caase ignition of dust. In all the explosions 
which have been described, except "Whitehaven, they were confined to 

• Transactions of Royal Society, Vol. XXIV. 

t " Report on the R^ults of Experiments made with Samples of Dnst Collected at 
Seaham CoUiery," by P. A. Abel, C.B., F.R.S. 
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those parts of the pita where there was a plentiful supply of ooal dnst, 
and, in all cases, passed from one part of the pits to others, along roads 
on which ttiere was the least probability of fire-damp being, present in the 
air. So far as can be gathered, from accounts of other large explosions, 
the same holds good. 

Fire-damp issues from the strata in mines, either normally as a regular 
flow, or abnormally as a sudden outburst. It exists either mixed with 
the air cun*ent and passing along with it, or as an accumulation^ more or 
less pure, in cavities in the roof, in the open parts of goaves, or in 
abandoned and unventilated passages. 

Fire-damp existing as an accumulation, sometimes flows into the air 
current with more or less suddenness, as when a fall of roof-stone takes 
place near it, which may cause a rapid displacement of fire-damp, followed 
by an equally rapid return. When pent up by water, and under pressure, 
fire-damp sometimes comes off in gluts, a phenomenon known in mining 
as a "water blast." 

A lessened atmospheric pressure causes fire-damp, existing' as accu- 
mulations in unventilated places or goaves, to flow into previously uncon- 
taminated parts; it also increases the flow of fire-damp issuing from 
gullets and fissures in the strata. At some collieries, where large areas of 
abandoned workings and goaves are adjacent to the return air ways, it is 
found that, during a rapid fall of pressure, fire-damp issues from them in 
such quantity, as to show on the flame of a safety lamp in the air in some 
of the returns. It has not been proved, and it is not probable, that the 
normal flow of fire-damp from solid strata is influenced to an appreciable 
extent by natural variations of atmospheric pressure. 

Sudden outbursts of fire-damp from the strata are rarely met with, so 
far as the writers can learn, except while mining new ground. Fire-damp 
issuing as a sudden outburst will probably displace the air in the vicinity 
of the outburst. It will always have a tendency to pass from the point of 
issue with the air current, rather than against it. The extent to which it 
may back against the current will depend upon circumstances, such as the 
amount of gas given off, compared with the amount and velocity of the 
air currents, and the rise or dip of the passages in the vicinity. 

A study of the phenomena accompanying the issue of large outbursts 
of gas shows that* — {a) Afler the outburst evidence can ahnost always be 
found as to the point of issue, (b) During the issue workmen near are 

* See *'0n Instftutaneous OutbnrstB of Inflammable Gas in the Coal Mines of the 
Belgian Basin/' by A. G. Arnould, Royal Chief Engineer of Mines at Mons. Transla- 
tion in Vol. IX. of tike Transactions of the Midland Institute of Mining, Civil, and 
Mechanical Engineers, by T. Mitchell; also "Narrative of Sudden Outbursts of Gas in 
Collieries Working the Bamsley Thick Coal and the Silkstone Coal in the neighbour- 
hood of Bamsley, published by the Midland Institute. 
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alarmed, and retreat with their lamps, (r) In many cases the lamps 
are extinguished by the gas, and sometimes workmen are suffocated. 

The results of the ignition of what were stated to be lar^ outbursts 
of gas, in the probable absence of coal dust, do not resemble the results 
described in the five Durham explosions. 

The issue of fire-damp, either from the strata or from open parts of 
the mine, is most likely to take place at or near the working face or in 
the return air ways ; and, from the place where it issues, it is most likely 
to exist in the air passing towards or along the return air ways. It is in 
the return air ways, therefore, that there is the greatest probability of an 
explosion of fire-damp on a large scale. The fact that such explosions 
are not experienced renders it improbable that fire-damp plays the prin- 
cipal rSle in coal mine explosions. 

Mixtures of fire-damp and air are only explosive, at ordinary tem- 
peratures and pressures, within certain comparatively narrow limits, which 
have not yet been accurately determined. It appears probable that all 
mixtures, between those containing 5 per cent, and 20 per cent, by volume 
of fire-damp, are inflammable. A mixture containing about 10 per cent, 
by volume of fire-damp is the most explosive. The compression and 
consequent heating of mixtures of fire-damp and air (not inflanmiable at 
ordinary temperatures and pressures), by an explosion, will render them 
inflammable. A large volume of pure fire-damp existing in a mine is 
not available for the transmission of flame ; it requires first to be mixed 
with air. 

The occurrence of coal dust in mines has been described. 

It would appear probable that an excess of coal dust is &vourable, 
rather than otherwise, to the propagation of flame in air laden with it. 
An excess of coal dust often exists for long distances on the haulage roads, the 
air passing along them containing no fire-damp, other than a possible trace, 
trace. It was on these roads that most force had been exerted, and on which 
the greatest extent of violence was observed in the explosions described. 

Another condition, which appears to have considerable influence on 
the development of flame in air laden with coal dust, is the velocity with 
which the air moves, and the velocity of the air is usually high on the 
haulage roads. 

Experiments witnessed by the writers, in 1880 and 1883, called atten- 
tion to these conditions. The apparatus used was a box 36 feet long, 
and 1 square foot in sectional area, placed horizontally, and provided 
with windows for observation of the passage of flame. One end of the 
box was open to the air, and here the coal dust was introduced ; the other 
end was inserted in a chimney, the draught from which produced a 
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current of air through the box. The velocity of the air was regulated by 
perforated shutters next the chimney. Flame was produced by firing by 
electricity half an ounce of compressed gunpowder, placed in the box near 
the open end. Coal dust collected from the upper parts of underground 
roads, and from screens on the surface was used. The former appeared 
to be the most inflammable. 

It was found that with velocities equal to, or exceeding, 1,500 feet per 
minute, the 'flame frequently extended right through the box, or more than 
80 feet, and that the greater the amount of dust held in suspension in the 
air, the greater was the certainty of the flame extending through the box. 
The eflFect of igniting the dust by burning gas jets was tried. The 
jets were 20 feet from the chimney end of the box, and consumed five- 
sixths of a cubic foot of lighting gas per minute, as tested by a meter. 
Dust was added at the open end of the box, and was carried by the 
current over the burning gas jets. The flame was gradually lengthened 
as the velocity of the current was increased, until at a velocity of about 
750 feet per minute, the flame extended to the end of the box. A longer 
box was set on fire by flame from coal dust in air, travelling between 1,500 
and 2,000 ^eet per minute. In this case, the box was filled with flame 
for nearly 50 feet. In both cases, the flame extended as far as the 
apparatus permitted. The flame could be kept burning as long as the 
supply of dust was kept up. 

In these experiments, the velocity of the air current necessary to 
carry the flame as far as the apparatus allowed, was greater than the 
velocity of the currents usual in the main intake air ways of collieries ; 
on the other hand, the experimental boxes were of much smaller sectional 
area than the area of those roads. This larger area, capable of containing 
a body of flame from thirty to sixty times greater than the boxes, would 
probably enable the flame to extend further with lower velocities of 
current ; and if such an ignition of dust was well established in the air 
ways of a mine, it would probably develop in such a manner as to be- 
come self-propagating, both with and against the air current of the mine. 
It may be that the high velocity of the air current in the experimental 
boxes is only necessary, in order to enable it to carry a dense enough 
cloud of dust, as the dust was only introduced at one point ; on a dusty 
road in a collieiy, any sudden shock or violent movement of air would 
cause dust to rise from the ground and fall from the ix)of and sides. 

Nothing that could be called an explosion attended the inflammation 
of the dust in these experiments. In the explosions described and attii- 
buted altogether to coal dust, no evidence of explosive violence was 
observed lor a much greater distance from the supposed points of igni- 



Digitized by 



Google 



124 

tion than the length of the experimental boxes. Whether the change 
from inflammation without violence, to inflammation attended with 
explosive force, is altogether dne to the increased volume of flame causing 
cumulative force, or to some change in the nature of the inflammation, is 
a question requiring further study. 

The formation, and subsequent ignition of a cloud of coal dust in a 
mine, may practically be referred to two causes : — An explosion of a 
mixture of fire-damp and air ; the explosion of gunpowder in the form 
of a shot. 

An explosion of fire-damp and air on a haulage road, in the presence 
of upper dust, would readily produce a cloud of dust, and a small volume 
of explosive mixture, would be likely to initiate an explosion of dust in 
such a situation. 

At the working face, where* an explosion of fire-damp is much more 
Ukely to occur, the conditions are not so favourable for the ignition of 
dust. There is no upper dust, and it would require a more considerable 
disturbance to raise a cloud of dust from the floor. It is quite possible 
that a small explosion of flre-damp might take place, even in moderately 
dusty workings, without igniting a doud of dust in the air. 

When a shot is fired on a haulage road where there is upper dust, a 
quantity of it is thrown into the air, whether the shot is blown out or not, 
and there is always the possibility that the cloud so formed may be ignited 
by flame from the shot. 

The dust on the upper parts of haulage roads is accompanied by, and 
partly owes its deposition to rapid currents of fresh air, and the cun^nt of 
air aids in the development of a moving cloud at the time the shot is fired. 

When a haulage road is driven in stone, it is, for motives of economy, 
made no larger in area than is necessary, and the velocity of the air is 
consequently often higher at such points than when the road is driven in 
coal and is of larger sectional area. The places on old haulage roads, 
where shots are usually fired are where the road is altogether in stone. 
Conditions favourable to the accumulation of upper dust, and to the igni- 
tion of a dust cloud, in the absence of fire-damp, by the flame of a shot, 
therefore oflen exist at the places where shots (rarely fired on such roads) 
are most likely to be required. 

When shots are fired at or near the working face the air may contain 
a small percentage of fire-damp unknown to the person who fires the shot, 
but in other respects the conditions are much less favourable to the pro- 
duction and ignition of a dust cloud. The coal dust is confined to the 
floor, and is not so pure and fine, nor of the readily combustible character 
of the dust on the upper parts of haulage roads. 
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It would appear probable in order to bring abont the ignition of 
a cloud of coal dust raised from the floor of a working place — (a) that the 
dust must be more thickly deposited than is usual, even in dry and dusty 
mines ; {b) that the axis of the drill hole, if produced, should reach the 
floor within a short distance of the mouth of the hole, or that the hole be 
drilled near the floor ; (c) that the shot must be either blown out, over- 
charged, or a heavy shot in stone. An examination of the circumstances, 
in cases where a shot at the face has been stated to have caused an 
explosion^ appears to show that one or more of these conditions always 
existed. 

It may be specially noted that the great majority of shots in coal at 
the working face are near the roof, and the probability of their raising 
and igniting a doud of dust, even if blown out, is small. 



REMEDIAL MEASURES. 

That coal dust has some influence in colliery explosions is now 
generally admitted, and the more the subject has been investigated the 
more is its importance manifested. 

Very few persons are perhaps prepared to go so far as the writers, 
whose opinion is, that explosions may not only be "intensified" or 
extended by coal dust, but that they may be entirely supported by it. 

Although the correct view is of course an important matter, its bearing 
on remedial measures is fortunately not so great as might at first sight 
appear. If the influence of coal dust is admitted to be of so grave a 
character as to necessitate measures for dealing with the danger, the 
means employed must be the same, whichever view is held. Until 
recently no effectual means have been taken. Watering the roadways in 
dusty pits has been practised for many years, probably as much for con- 
venience and cleanliness as for any other reason ; but this watering has 
been totally inadequate. In all the collieries in which explosions have 
been described the main haulage roads were said to be watered, but the 
amount of dry dust on them after the explosions showed that the water- . 
ing had been of little or no avail. The method usually adopted is to 
draw water tubs after the engine set, or by horses, the tubs having holes 
in them for the water to run out on to the road. At best this only wets 
a part of the floor, and its effect is often not perceptible after a few hours. 

If the conclusion as to the origin of the Usworth explosion is correct, 
it appears that where upper dust exists, the complete absence of bottom 
dust, owing to permanent dampness of the floor, will not prevent the 
extension of aa explosion by means of ooal dust past the wet road. 
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If the conclusioiiB, as bo the origin of the exploeions at Seaham, 
Tudhoe, and Usworth are correct^ it appears that the firing of shots on 
old haolage roads, where there is much dry coal dust, is attended with 
great danger. It must be remembered that gunpowder is much less 
frequently used on such roads than in other parts of the pits. 

The Trimdon Grange explosion points to the danger of explosions of 
fire-damp, however small, where they may communicate with and be 
extended by coal dust. 

The West Stanley explosion shows the danger of blasting in dusty 
workings, where an imperceptible amount of fire-damp may be in the 
air. 

The great loss of life in these disasters largely arose from the highways 
of the collieries having been traversed by the explosions. These roads 
were filled with after-damp, and rendered impassable by falls of stone, 
and the after-damp penetrated the return air ways which were not 
damaged, so that even, in the numerous cases where the explosions had 
not injured persons at the working faces, they could not escape. At 
Seaham Colliery, four workmen, led by an experienced old pitman who 
had escaped from some other explosions, succeeded in getting out by the 
return before the after-damp had rendered the air poisonous ; and at 
Trimdon Grange, a few workmen escaped from the Cross-cut way, having 
only to travel a shoit distance of road, over which the explosion had 
extended, before reaching the downcast shaft. 

In passing from one district to another the explosions always traversed 
the main intake air ways, and passed to the downcast shafts by these 
roads, cutting off all communication. No system of dividing the mines 
into separate districts averted the effects of the explosions, which passed 
from one district to another by the roads considered least Ukely. 

If the haulage roads could be kept free from coal dust an explosion 
could not be originated on them, and they would not convey an explosion 
from one district to another, but might be expected to be as inert, in this 
respect, as the return air roads were observed to be. The great velocity 
of the currents of air now common in dusty pits, and necessary for the 
ventilation of the mines, has a direct tendency to increase the quantity 
of dust deposited on the roads over which coals are led. 

The quantity of dust collecting on haulage roads might be reduced — 
(1) by reducing the velocity of the air, which may be attained by 
enlarging or doubling the roads ; (2) by reducing the speed at which the 
tubs travel. The endless rope or chain system of haulage would effect 
this, the speed of the tubs would not then exceed 8 or 4 miles an hour, 
as compared with 10 to 15 miles by main-and-tail ropes. In order to 
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prevent dust flying off the tops of the tube, at one coUiery in Durham, 
a spray of water is made to play upon them as they pass under it. This 
is said to have considerable effect. The tope of the tubs on engine planes 
might be protected by tarpaulin covers, one cover being made to pass 
over a certain number of tubs. The above measui'es are, however, only 
palliative. 

The removal or efficient damping of dust on the haulage roads is not 
unattended with difficulty. The dust is constantly accumulating on 
them, and upper dust is almost peculiar to them. The sides and roof are 
often very irregular in contour, and much water sometimes causes the 
strata to disintegrate. 

Dust on the bottom may be collected and sent out of the pit, and the 
floor kept damp by watering. In some cases where the application of 
water has been difficult or harmful the use of coarse salt has been found 
beneficial. Its hygroscopic action comes into play and causes the dust to 
adhere and solidify. When used in conjunction with water the effect is 
more lasting than when water alone is used. 

Water conveyed in ordinary water tubs cannot be applied effectually, 
as it only wets the bottom, and, generally, only part of that. A much 
better method is to convey pmall water pipes, with cocks at frequent 
intervals, along the roads which require watering ; with the aid of a hose 
a man can then thoroughly water all parts of the road. 

In cases where there are special difficulties in the way of effectually 
removing or watering the dust on haulage roads, the mine might be 
divided into sections by cutting off the supply of dust at particular places. 
This could be done by arching a length of road, and keeping it scrupu- 
lously free from dust. The top and sides might be whitewashed occa- 
sionally, and the bottom dust removed by sweeping or otherwise. What 
the length of these cleansed places should be would require careful con- 
sideration — ^perhaps 100 yards would suffice. Bottom dust might be 
rendered uninflammable by an adulterant, such as sand. 

The dust in the working places is almost entirely bottom dust, and 
although it may be quite capable of causing the extension of an explosion 
over a district, would be unable of itself to extend it to other distant parts 
of the mine ; so that if the haulage roads were kept so free from dust as 
to be unable to conduct an explosion, each district might be considered 
separately with regard to dust, something in the same way as they are 
now considered with regard' to fire-damp. 

Special precautions are necessary with regard to blasting. Shots 
should not be fired where there is much dust of any kind, in places where 
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there may also be a small proportion of fire-damp in the air, because eyen 
non-combasbible dnst has the property of causing the ignition of other- 
wise non-inflammable mixtures of fire-damp and air, when the proportion 
of fire-damp is so small as to be difficult to detect by the flame of the 
lamp. This action of non-combustible dust was discovered by Sir F. 
Abel when experimenting with dust from the South way in No. 8 Pit at 
Seaham Colliery, where, as has been stated, the dust was largely mixed 
with stone dnst, and over which the explosion did not extend. If dust of 
any sort is present where there may possibly be a small proportion of fire- 
damp in the air, the vicinity in which the shot has to be fired should be 
specially watered. The use of dry dust for tamping should be prohibited. 

The writers believe that the chief danger of shot firing in coal mines 
is due to coal dust. The greatest precautions have long been taken in 
regard to fire-damp where shot firing is concerned, and if equal precau- 
tions were taken with regard to coal dust, it is probable that the danger 
arising from the use of explosives would be so reduced as to allow of 
greater fi*eedom in their use than would otherwise be possible. In mines 
free fi*om dust, the existing restrictions as to the use of explosives might 
be considerably relaxed. 

A more drastic remedy may be suggested. From what has been said 
before, it appears that the dryness of collieries depends on two causes — 
(1) the temperature of the mine being higher than the temperature of the 
air entering the mine ; (2) the large volumes of air constantly circulating. 
Thus, a large volume of air entering the mine at 40 degs., and raised in 
its course to 70 degs., exercises an enormous drying power. If the air 
entering the mine was artificially raised to the temperature of the mine, 
and saturated with moisture, it could exercise no drying power, and the 
natural moisture of the mine would then come into play, and dry pits 
might become damp pits. 

The objections to this proposal may be stated thus : — The expense of 
raising the temperature of the air, and saturating it ; if the heating were 
effected as the air descended the downcast shaft it would oppose the 
ventilating power ; the moist air would have a bad effect on the roof 
stone ; moist air at a high temperature is not so agreeable to workmen as 
dry air at the same temperature ; in the case of dip workings, (as at 
Us worth, where the face lay 160 yards below the shaft bottom, and the 
temperature of the rock at the face would be 8 degs. higher than the 
temperature of the rock at the shaft), air heated to the temperature of 
the rock at ihe shaft, and saturated, would rise in temperature as it pro- 
ceeded in-bye and became dry. 
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The advantages might be, if the mine really became damp : — Large 
explosions, such as the five Durham explosions, would not be possible ; 
the expense connected with the removal of dust might be avoided ; shot 
firing might be practised with reference to the danger arising from gas only. 

The operations necessary on the occurrence of serious colliery accidents 
are of such a difficult nature, and the investigation of explosions involves 
so many obscure questions, that it appears desirable to have special means 
for these purposes ; as well for endeavouring to rescue survivors as for 
making the observations necessary to discover the causes of the accidents. 
At present everything has to be arranged and organised on the spur of 
the moment, under circumstances of great confasion. Few attempts are 
made to take intelligent and methodical observations until the opportuni- 
ties for doing so are lost. All endeavours are naturally, primarily, bent 
on the rescue of survivors and the recovery of the bodies of the victims. 

Explosions or serious accidents are not so common as to render it 
necessary that each colliery should be provided with all the appliances 
likely to be of service. For the same reason, the number of persons with 
much practical experience concerning them is limited. 

A central institution might be formed in each large mining district, 
where all the necessary appliances and instruments might be kept, and a 
corps of experts, and volunteers from the collieries, trained in their use. A 
controlling staff of mining engineers and scientific men might be enrolled, 
who would make the arrangements necessary for the efficient service of the 
institution, and for the observation and recording of such facts as would 
appear likely to throw light on the causes of the accidents. They would 
hold themselves in readiness to proceed at once to the scene of an accident, 
and by means of relays secure the intelligent observation of everything 
likely to elucidate their cause, as well as endeavour to rescue survivors, 
and secure the safety of explorers. Rules might be drawn up for the 
guidance of persons assisting at or investigating different classes of 
accidents. Members of the institution might be delegated to attend 
accidents in other districts for the purpose of obtaining practical informa- 
tion and rendering asssitance. 



HISTORICAL. 

The number of fatal explosions in coal mines, and the number of 
deaths resulting therefrom in the United Kingdom for the last 35 years 
is given in the accompanying table. 

Q 
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Tear. 


Number 
of Fatal 


Number 
9f Deaths 
Result- 
In*. 


Number 
of Deaths 

Ezplorion. 


Number of 
Persons 
Employed 

and about 
the Mines. 


Ratio of Persons 
Employed. 


Remarks. 


To each 
Fatal Ex- 
plosion. 


To each 

Resulting 

Death. 


1851 


98 


321 


3« 


216,317 


2,906 


673 


inforoeL 


1»2 


91 


364 


8^ 


222.843 


11449 


844 


18S3 


89 


214 


2-40 


229.468 


2,578 


1.078 




1864 


87 


210 


2-41 


336,094 


2.714 


1.134 




1856 


99 


146 


1-47 


342.719 


2.452 


1.663 




1866 
1857 


72 
74 


236 

377 


3-88 
5-09 


249.345 
255,9n 


3.463 

3.459 


1.066 
678 


Amended Mines Act in 

foroe. Cymmer, 114. 
LaDdhilI,l». 


1868 


70 


215 


3-07 


362,596 


3,751 


1,881 




1869 


70 


95 


1-36 


369.882 


3,846 


3,833 




1800 


70 


363 


5-19 


275.847 


3,940 


750 


Rlsoa.142. 


ToUlsand 


\ 












aT«n«w 
forlOyean, 
«ndiiiffl8e0. 


' 830 


2,441 


21» 


2.460.322 


3.000 


1,008 


Amended Mines Act in 
force. 


1861 


61 


119 


1-95 


882.473 


4.630 


8.374 


1862 


56 


190 


3-45 


291.000 


5,291 


1,538 


1863 


51 


163 


3-20 


299.000 


5,862 


1.834 




1864 


59 


94 


1-59 


307.542 


5.213 


3.271 




1865 


64 


168 


2-62 


315.451 


4.929 


1.877 




1866 


71 


661 


9-17 


330.663 


4.616 


492 


The Oaks. 361. 


1867 


56 


286 


511 


333.116 


6.948 


1.165 


Feradale. 178. 


1868 


44 


154 


3-50 


346.820 


7.882 


2.262 




1869 


48 


257 


5-35 


345.446 


7.197 


1.344 




1870 


66 


185 


3-30 


350.894 


6.966 


1,897 




ToUlsand 


^ 












aTeragea 
forlOyeaxB, 
ending 1870. 


V 566 


2.967 


4-01 


3,192.405 


5.650 


1.408 




1871 


52 


269 


517 


370,881 


7.133 


1,378 


1878 


62 


164 


2-48 


418,088 


6,743 


2,714 




1873 


44 


100 


227 


612.199 


11.641 


5.122 


.Amended Mines Act In 


1874 


44 


166 


3-77 


538.829 


12,246 


3,346 


1875 


41 


288 


7-02 


535.845 


13.069 


1.860 


Swaithe Main. 143. 


1876 


43 


95 


2-26 


514.532 


12.250 


6.416 




1877 


45 


345 


7'66 


494.391 


10.986 


1.433 


Blantyre, 907. 


1878 


31 


586 


18«) 


475.329 


16.333 


811 


Haydpok. 189; Aberaame. 


1879 


35 


184 


5-26 


476.810 


12.625 


8,591 


1880 


28 


499 


17-82 


484.933 


17,319 


971 


Risca. 190; Seaham. 164; 
Penygraig, 101. 


Totals and 


\ 












aTenges 
forlOyeara, 
ending 1880. 


- 424 


2.686 


6-33 


4.821.837 


11,372 


1.795 




1881 


31 


116 


374 


496.477 


15.983 


4.371 


1882 


36 


250 


714 


503,987 


14.399 


3.015 




1863 


25 


134 


536 


514,933 


20.597 


3.842 




1884 


30 


65 


217 


520.376 


17.345 


8.005 




1886 


25 


341 


1364 


520.632 


20.826 


1,527 


Clifton Hall. 178. 


1 Totals and 


\ 












' aTwages 
' for 5 yean, 
ending'1885 


146 


906 


6-20 


2,6&6,406 


17,503 


' 2.830 

1 
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It will be observed, that, while the number of explosions has steadily 
decreased during the period^ the resulting loss of life has increased. It 
thus appears that the average number of lives lost per explosion has 
increased. 

During the 10 yean ending 1860 the average number of lives lost per explosion was 2*98. 

1870 „ „ „ 401, 

» i» 1880 ,1 ,, „ 6*83. 

„ 6 years 1885 „ „ „ 6.20. 

During the period of 35 years the ratio of persons employed to each 
explosion and to each death has increased, so that the record is satis&c- 
tory in every way except as to the ratio of persons killed to the number 
of explosions. 

The writers beUeve the explanation of this unfavourable feature to be 
as follows : — During the whole of the 35 years under review the use of 
safety lamps has been becoming more general, and during the last 14 or 
16 years the use of explosives has been considerably restricted. This 
accounts for the lessened number of ignitions. In the earlier years a 
larger proportion of the explosions was due to the ignition of small 
accumulations of fire-damp in collieries producing little gas, and worked 
with candles, such explosions usually only catising one death. This 
class of collieries, usually shallow and damp, are now generally worked 
with safety lamps. The number of deep and dusty mines has increased 
during the period. In this way the proportion of ignitions in the deeper 
and dusty collieries has increased, and an explosion in them, however 
initiated, is much more serious than in a damp pit. Great precautions 
are usually taken in these mines with regard to fire-damp. What is now 
required is that efficient precautions shall be taken with regard to coal 
dust. 
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In the preparation of the foregoing list of explosions, which is neces- 
sarily very imperfect, the principal sonrces of information are as follows. 
The numbers refer to the numbers in the list: — 

Reports of Inspectors of Mines, 1 to 18. 

Transactions of the North of England Institate of Mining Engfineers, 7, 8, and 9. 

Transactions of the Northumberland, Durham, and Newcastle-on-Tyne Natural 
History Society. 35, 38, 60, 68, and 77. 

Transactions of the Chesterfield and Derbyshire Institate of Mining, Civil, and 
Mechanical Engineers, 3. 

Transactions of the Manchester Geological Society, 7. 

Philosophical Transactions, 22 and 90. 

Reports of Commissioners sent down by Government, 20 and 22. 

Reports of Committees and Commissions of both Houses of Parliament on Acci- 
dents in Mines, 36, 36, 37, 60, 56, 64, and 66. 

Report of Children's Employment Commission, 26, 27, 29, and 81. 

'* Winning and Working of Collieries," by M. Dunn, 13. 

« How to Prevent Accidents in Collieries," by M. Dunn, 11, 12, and 13. 

Pamphlets published in the District, containing principally the Evidence at 
Inquests, 7, 8, 22, 28, 36, and 63. 

Fletcher on the Archaeology of the West Cumberland Coal Trade, 89. 

"Compleat Collier," 91. 

Unpublished Accounts, 3, 8, 67f and 63. 

Inquiry by the Writers of Persons present immediately after the Explosions, 1, 3, 
4, 6, 6, 7, 8, 12, and 21. 

The remainder of the information has been derived from newspaper 
accounts (either direct or from tables based on such accounts), and from 
inquiry made by the writers. 

Through the courtesy of the Editor of the "Newcastle Daily Chronicle," 
one of the writers was afforded an opportunity of consulting files of news- 
papers extending back to the year 1764. 

Where it is not stated in the list that the collieries were dry or wet, 
the writers have been unable to obtain any satisfactory information. The 
dryness of a colliery or the presence of coked coal dust, previous to a few 
years ago, were not stated as facts having any bearing upon explosions, 
but were mentioned incidentally; and the absence of information on 
these points does not indicate that the collieries were not dry and dusty, 
as the probability is, judging from their situation, that they were. Thus 
the collieries at Fatfield, North Biddick, South Biddick, Chatershaugh, 
Rickleton, HaiTaton, Washington, and Oxclose, situated on the banks of 
the Wear, and adjacent to each other, were in a district naturally dry, 
and probably could not have been worked in early times had there been 
much water to deal with. 
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Previous to 1816, the only lights used in ooUieries were open lights 
and the steel mill. The steel mill, introducod in the year 1760, consisted 
of a machine, worked by hand, by means of which a steel wheel rapidly 
rcTolyed against a piece of flint, caused a shower of sparks, which did 
not, as a rule, cause ignition of fire-damp. 

The presence of open lights in a mine, while increasing the number 
of explosions of fire-damp, would probably have the effect of limiting the 
field of such explosions. 

The use of self-acting inclines was introduced underground in the 
year 1800. 

Up to the year 1832, corves or baskets, made of hazel rods, were used 
for conveying coal underground. These baskets were more open than the 
wooden tubs afterwards introduced, and caused the accumulation of much 
dust on the roads. The use of corves continued in some cases for many 
years after 1832. 

About the year 1855 haulage by main-and-tail ropes was introduced 
into collieries. 

There is no example in the North of England of a large explosion 
caused by the ignition of fire-damp at a ventilating furnace. In. nearly 
all the cases on the list, the air, after ventilating the mines, passed over a 
furnace at the bottom of the upcast shaft, yet this practice never 
appears to have caused an extensive explosion. Thus, while explosions 
are common on intake air roads, where gas is practically absent, the 
return air, laden with all the gas issuing from the working iace and 
abandoned places, passes over a large fire constantly burning, and no large 
explosions result. In a paper on Mining Records, on page 327 of Vol. 
II. of the " Transactions of the Natural History Society of Northumber- 
land, Durham, and Newcastle-on-Tyne," Mr. Buddie states (referring to 
Wallsend Colliery) : — "On this day (9th October, 1785,) the air course 
became loaded to the firing point, and exploded at the B Pit fiimace, 
this pit being the upcast. Fortunately, the pit was not at work at the 
time, and nobody was down except the wastemen, who were occupied with 
something or other near the bottom of the A Pit, which was the down- 
cast. They were thrown about by the concussion (wind) occasioned by 
the explosion, but were not seriously hurt, and all got safely to bank." 

Mr. Buddie, in his evidence before a Select Committee of the House 
of Commons, in the year 1835, said: — "One of the returns at Jarrow 
CoDiery fired at the furnace, but an explosion was prevented. . . The 
pit was not at work, but there was a number of people down . . . 
wastemen and other people ... the fiirnacemen came running out and 
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informed them that the west pit furnace had fired. But it is frequently 
the case, under such circumstances, that before the explosion takes place 
there is a kind of libration in the ignited current, the flame not extending 
very far back from the furnace; it goes backwards and forwards a few- 
times before the explosion takes place. This was the case at Jarrow, when 
Alexander Hall, the under viewer, with the utmost presence of mind and 
dexterity, ran and at once threw open the main doors in the rear of the 
burning current, by which the whole body of the fresh air was thrown in 
behind the fire, and instantly cut it off from the explosive current." 

On 18th April, 1876, an explosion of fire-damp took place at the 
furnace of Seghill Colliery, Northumberland, burning the fumaceman, 
who died nine days afterwards. The gas in this ca^e probably entered 
the ventilating current in the return from some drowned workings, out 
of which the water was being pumped at the time. The damage done to 
the mine was trifling. 

With the exception of these three examples, the writers know of no 
case in the North of England of an explosion of fire-damp at a ventilatii^ 
furnace. 

Assuming, however, as was the opinion of some, that the five Durham 
explosions described, as well as numerous other large explosions, were 
caused by the ignition of large outbursts of gas, then, as the probability 
of such outbursts taking place is greatest at the working face, where new 
ground is being mined, and greater in the return air ways and passages 
open to them (as affording a large area available for a discharge of gas), 
than in the single roads constituting the intakes, and as the result, in 
the first two cases, would be the fouling of the return air ways, extensive 
explosions in the return air ways, due to the ignition of fire-damp at the 
furnace, should be of frequent occurrence at fiery collieries where the 
return air passes over the furnace, which is not the case. 

So far as can be gathered, the return air roads of a mine in the 
North of England have never been the field of a large explosion. 

The explosion at Seaham Colliery, in 1871, was confined to and extended 
along a haulage road and intake for about 2,300 yards. Stables by the 
side of the road, 2,200 yards from the shaft, were set on fire, but the 
explosion did not extend far beyond them. The explosion was simul- 
taneous with the firing of a shot in stone by the side of the intake air 
way, 20 yards from where the shot was fired in the explosion described in 
1880. Two stonemen were engaged there with naked lights, and 79,000 
cubic feet of air per minute passed along the road. After lighting a shot 
the stonemen went in each direction from it. The explosion killed all 
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the workmen between the shot and the fiice, the majority by after-damp. 
The stoneman who had retired from the shot against the air current was 
burnt, but survived, and stated that the explosion of the shot and the 
mine were simultaneous. The explosion was attributed to a sudden out- 
burst of gas, ignited near the supposed point of issue, which was on the 
main intake, 1,700 yards from the out-bye or shaft limit of the explo- 
sion, and about 600 yards from its in-bye limit. 

The explosion at Springwell Colliery, in 1869, had not extended from 
the face. The evidence of flame appears to have been abundant. 

The explosion at Pelton Colliery, in 1866, occurred at the only colliery 
in the list ventilated by a fan. At all the other collieries a furnace, or, 
in cases in earlier times, natural ventilation was relied upon. The Busty 
Seam at Pelton Colliery resembles the same seam at West Stanley, and 
is very dusty. Flame appeared to have extended over all the open passages 
on the south side of the shafts, and abundant deposits of coked dust were 
observed. In a paper in Vol. V. of the " Transactions of the Chesterfield 
and Derbyshire Institute of Mining, Civil, and Mechanical Engineers," this 
explosion is described by Messrs. D. P. Morrison and A. Friere-Marreco. 
It appears from this paper, that a hewer was found with his safety lamp, 
in a passage, at right angles to and some yards from his place of work. 
AH the other workmen appeared to have been killed at their place of work. 
It was suggested that this hewer had observed gas on his lamp, and had 
been retreating when flame passed the gauze. A small accumulation of 
gas had been observed in a passage some distance from him and not 
then in connection with the current of air, but which had, by excavation 
on the day of the accident, been so connected. This gas had not, 
however, been looked upon as a source of special danger. It appeared that 
the hewers were permitted to fire their own sliots, and it is possible that 
this man had retired to the point where he was found after lighting a shot. 

The explosion at Seghill Colliery, in 1864, and at Burradon Colliery, 
in 1860, occun-ed in districts adjoining. The Northumberland steam 
coal is, as a rule, not a dusty coal, and the roads are usually free from 
any dangerous deposits of coal dust ; and no great explosions, with the 
exception of these two, have ever taken place in the steam coal pits. 
The workings and roadways were diy and dusty both at Seghill and 
Burradon in the district of explosion, and after the explosions coked coal 
dust was observed in both cases. At BuiTadon Colliery, there was 
evidence of a considerable amount of gas at the face, and a gas explosion 
appeared to have taken place about a quarter of an hour before the 
larger explosion. A number of men, alarmed by the first explosion, 
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were retreating to the shafts when a second explosion took place, and 
this probably spread as a dust explosion. At Seghill Colliery, the 
disturbance produced by the explosion was greatest on the intake and 
haulage road. 

The evidence appeared to show that Walker Colliery, previous to the 
explosion in 1862, was well ventilated, and no unusual source of danger 
was known. A shot had been fired in stone, near the floor of a return 
air road adjacent to the working face. An official, who was at the 
colliery at the time of the explosion, stated to one of the writers that the 
explosion of the shot and the mine had been simultaneous, and that the 
shot had blown out. 

The Hetton explosion, in 1860, was ascribed to gas distilled from coal, 
and collecting in a flue from an underground boiler fire, and it was said 
that the damage done was due to the ignition of this assumed collection 
of gas. The amount of gas possible would appear to have been altogether 
too small to account for the extent of disturbance. The leading features 
of this explosion closely resemble those of the collieries described. The 
downcast shaft was damaged for 40 yards above the plane of the explo- 
sion. Stables near it were set on fire. The force of the explosion was 
confined to the intake and haulage roads for long distances. Those of 
the victims exposed to the violence or flame of the explosion were all found 
at their places of work. The return air roads were unaffected. Four 
stonemen were engaged, on the night of the explosion, in forming 
refuge holes by blasting in a portion of the engine plane, in stone ; they 
were using, as lights, large oil lamps, said to be the only light that would 
live in the large current of air which passed their place of work. 

At Felling Colliery, in 1847, an explosion occurred and was simul- 
taneous with the firing of a shot in stone by the side of an intake and 
haulage road driven in stone. One of the stonemen engaged at the point 
survived, and he stated he was using an open light, and had retired from 
a shot after lighting it, and while waiting for its explosion, the pit 
exploded. This explosion, like that at Hetton, was attributed to an 
explosion of gas distilled from icoal and collected in an underground 
flue. 

The explosion at Hebbum Colliery, in 1852, was said to be due to a 
trapper neglecting a door. This reason is given, in several other explo- 
sions, as a contributory cause, but so far as can be gathered, in this, as 
well as in other explosions referred to the same cause, there was no evidence 
whatever to show that the door had been left open. The doors in all 
cases having been blown down and destroyed by the explosions. 
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The explosion at Jarrow Colliery, in 1845, was repfbrted on for the 
Government by Dr. Lyon Playfair. Facts stated in this report show that 
this explosion was similar in its leading features to the explosions at the 
collieries described. 

The explosion at Haswell Colliery, in 1844, was reported on for the 
Government by Messrs. Lyell and Faraday. They refer to the influence 
of coal dust, but do not appear to have looked upon it otherwise than as 
assisting, or intensifying the explosion of fire-damp and air. 

The explosion at Wallsend Colliery, in 1836, has been ably described 
by John Buddie, the leading mining engineer of his day in the North of 
England, and a close observer. His account of this explosion, published 
in the " Transactions of the Natural History Society of Northumberland 
Durham, and Newcastle-on-Tyne," Vol. II., presents a striking similarity 
to those described by the writers, and his remarks as to the point of origin 
are quoted : — " William Thompson with William Johnson were employed 
in blasting down the roof stone on the West drift leading to the A Pit, to 
make sufficient height for a branch of rolleyway to be laid. . . The 
main current of the air course . . . passed up this West drift to the 
B Pit burning furnace, being sufficiently pure for naked lights. Con- 
sequently the people were not restrained from the use of candles in blow- 
ing down the roof-stone ... A pair of man-doors in the stenting K, 
^hich were placed there for the convenience of the wastemen. These 
doors are 40 yards to the east from the place where those men were at 
work Masting down the stone . . . William Thompson's body was found 
lying just at the entrance of the stenting K, and the bottom or cistern 
of his Davy lamp was lying uninjured 2 yards from the end of the stent- 
ing close to where the first door stood. The gauze cylinder was found 
hanging on a nail near to the place where he had been working. The 
body was dreadfully burnt ; while the body of William Johnson was 
lying about a conple of yards to the east of it, nearer to the pit in a 
creeping attitude, but neither burnt nor exhibiting marks of any sort of 
violence. He had evidently died from suffocation without much suflfering, 
as his Davy lamp was found in his hand. ... It is a common 
practice with colliers, when working stonework, as in this case, to make 
use of the recess formed by a stopping or a pair of doors ... as a 
closet for their clothes, tools, and provisions . . . but whether 
Thompson had approached* the fatal 8}x>t for this purpose, or had been 
led there for a private occasion, or other object, must for ever remain 
unknown. Nothing could be more clear than that this was the point of 
ignition." 
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The exploflioti at Townley Colliery, in 1826, occurred in a part of the 
Durham coal-field free from any lai^e explosion except this. One of the 
writers had an opportunity of examining workings, partly in those in 
which the explosion took place, and partly adjoining. He found the 
district to be dry and the coal produced much dust, and on roads in 
use there was coal dust to an extent exceptional in the collieries in the 
neighbourhood. 
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NOTE A. 

The following extract from the Durham ClirmicU^ of 8th October, 
1880, describes one of the records found up the West incline in the 
Maudlin Seam : — 

Much public interest has been felt about the touching messages found recorded 
by some of the victims of the explosion. One of these is reproduced in the follow- 
ing fac-simile drawing of the tin bottle, on which the miner, Michael Smith, 
scratched with the point of a rusty brattice nail the farewell letter to his wife, the 
size being reduced one-half : — 
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It is necessary to explain that the address of Smith, which appears in heavier 
and more distinct writing on the upper portion of the flask, had been marked there 
for some time, and grown rusted. On the other side, which was greatly battered 
and bent, appeared, also in old writing, the man's name in full, with the date 
distinctly and firmly traced, "Anno 1880," this being also bitten in with rust. 
Under this inscription he had scratched the words " Look at the bottom ; " his 
obvious reason being that the plain flat surface afforded a better ground for writing 
upon. When he had filled up this oval space, he continued the letter, as seen above, 
on the less battered side of the flask ; and it would appear that the last words, ** Oh 
what an awful position we are in," were added sometime afterwards, probably not 
long before his death. They are less firm than the rest of the writing ; but every 
line seems to indicate the perfect self-possession of the poor fellow, and his heroic 
calmness in presence of a cruel death. Michael Smith, who was thirty-seven years 
of age at the time of this fatality, was the son of a schoolmaster in this county. 
He was evidently a good writer, and could also play the violin fairly well. Two 
of his children are living, the " little Michael,*' so touchingly named in the letter, 
having died on the day of the explosion. The poor widow was nursing her sick 
child when she heard the dull thud that bore the message of a more terrible depri- 
vation. In dying, Michael Smith clasped this bottle so closely under his right arm 
that it escaped the notice of the explorers, even when the body had been brought to 
the surface ; and it was the afiiicted wife and mother who herself made the dis- 
covery of this sad relic, which she now treasures with the greatest affection. No 
more pathetic memorial of human love and faith overcoming mortal anguish could 
be preserved. 
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